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ADDRESS BY
DR. FLOYD L. THOMPSOM
DYRECTOR OF LANGLEY RESRARH CENTER

NATIONAL AFRONAUTICS AND SPACE ADMINISTRATION

AEROSPACE - A CHALLENGE TO BESEARCH AND IDUCATION o

The staff of Langley Research Center chASA is pleaaed to )hne been
able to essist the Virginin Polytechnic Institute in the developnmt of
this series of summer confermcea on rnce acrivit_es held here at Blacka-
burg under the aspcasorship and financial support of the !hticnul Science
Fcundation,

This year's program has given you a glimpse of the west mcuntv;of
scientific date on the upace environment that have been nccuml.at)e%?gy
gsateliites and probea‘durlng the firs: 5 years of the space program,

These data and their snltbsequent refinemsst and extension form th; basis

ot which unmanned aud un\*ed space missions aud vehicles will be designed

to cope with the space mviromgnt. They slso provide the 1nfom&ign on

vhich ground-based research facilittea have been planned in order to pro-
vide the tools with which to solve the vehicle design problems that arise

out of the hostile aspecta of the space enviromnment,

This e\umins, 1 :houM like to discuse in the light of my own expnri*

.g

ence at the I.angley Rescarch Center s problem that arises as we mceletnta

2 ‘mﬂm SR Y ISR T PR R SR
B -

ks i Wi

—can

e rp——y

g

L3 ol ot

g X




e

kA

e A e

e

e A IR TS WIS MBI I IR SR et oot

PTGl oy W = N> emitggn g —— - -
Free St e asta s giece e gy,

Ty

XX1-2-

technical progress, My experieﬁce vas originally associated principally
with research in support of the development of aircraft, and now, more
recently, has been concerred with research in support of the development
of spacecraft, The problem that is becoming increansingly more pressing
ir that of developing the means for accelerating thg;effectivé distri-
bution and assimilation of the newly acquired research info;mation. 1
though that this subject wculd be of special interest to such a group as
this composed largely of educators,

In 1926, when I joined the Langley Laboratory of t%. NACA, aircraft
had hbeen flying since 1903, the NACA was 12 years old, and actual research
activity at ;he ﬁangley Laboratory was only 7 years old, The charter of
NACA providéé'that ir ghall studyié{he problexrs of flight with a view to

their practical sciution,” Under a time schedule eswentially geared to

the development of military aircraft of iucreasing performance which de-

" velopment procecded from generation to generation in approximitely 7-year

cvcies, a laboreiory was built up which provided the aviation industry with
the defir.‘.ci#é—‘anavera required to build their aircraft, Langley became a
prime national center for the wind tunnels that providéd the detail shapes
end cori gurations and the air loads for structural design,

" 4s World War II spproached, the Government recognized that i;terna-
tional competition for leadership in aercnautics required an expansion of
aercnauticsl t;seatch facilities, 1In 1939 ground was broken for a new lab-
oratory at Moffett Field, California, now called the Ames stearch;ﬂenter.

In the following year a flight propulsion laboraiory was started at Cleveland

Ohio, and now called the Lewis Research Center. As each new center was started

LI
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a nucleus of key people left Langley to staff the new centers, Langley,
too, was expanded to meet the threat of war whichk came in Dccember 1941,

During World War II, a peak in the LRC staf{ was reached as the u-
nique facilities there were used around the clock to keep pace with‘;ar-
time developments, D:ring this period, although wind-tunnel activities
dominated the Langley scene, adequate programs of research in aircraft
strvcturés, flight loads, and aircraft operations and hydrodynamics were
pursued that maintained a broa& base of knovledge in the entire field of
aircraft design,

The stredm by which tie research effort of théne laboratories vie
brought into the enginecring community was by means of onverticnal tech»
nical notes and reports, suppleamented bv an annual inspection of facilities A

by aircraft executives and engineers, After World War 1I the pace of re-

search activities and application had increased so that a major proulem

existed of getting research results to the putentlai users, ‘The time Je-

lays inherent in preparing reports for publications and the assimilaticn

and organization of the material by a few peopl? inside each major aircraft
company for use by the practicines enginier became unacceptable, As a solu-
tion o this problem there were held at frequent intervals special coﬁferencea
which organized and presented to the industry thcltatest findfngs in broad
areas of agerodynamics, of structural design, of aircraft loads, of flutter,
and éther‘ureas of specialization, The written conference reports bepame
guideb06;| by mean; of which the more detailed reports, that stili continued

to flow, could be fitted into a more comprehensible whcle,
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During this sasc period there was not sufticient time fur adequate

textbooks to be written for use in the schools, To deal with this pro- _—

-
o

Llen university conferences were organized for the special purpcse of

et

meking new research inforwation available to the suademic cowmunivy,

e B e

There elways vas a small group of university profezssors for whom those
couferences wer- noi necessary because of their effiliation wiin research
progr.wus ir ~“uelr raspeciive schcols or other contacts and activities,

However, for wost of the engineering teaching profession access to the

P .

rnew knowledge created by the large research laborstories was throtgh the

norma! channels of technical nccez and reports supplemented by the university

conferences, l

The conference seemed to have supplied the golution of quickly inforrdng

(S, He et e TS >

YOS

the practicing engineer and the university professur of the research results

Lot

at the level of activity established in the post World War II period., Thin :

level of activity did not lomng remair static for on Cctober &, 1957, the

S g s

Russians launched the first artifi -..: sotoallite,
Sputnik I suddenly aroused this country to the need for a zreatly ex-

panded space program,: Jr October L, 1958, the United Stares Governmen:

R L R Tt e

which recognized tha;i if the exploration and exploitation «f space for peace- ;

ful purpcses was to b vigorously pursued, it could no i-;v.r.,»;;:r be done independ-

* : ently by several branches of the Government, created the ii..ional Aercnautics

AP oy
sl TEUCGE TS S S Lmetloup i p o et o

A . and Space Administratici, The NASA, although a rev ar ~.v, was composed of
' : alrendy existing and functioning organizations of *b.v [’ ernment, among which
the NACA was the largest, Since ¥arld War I twe wxv Elight stations had been

-added; one for piictless aircraft research at waliops Island, Virginia, the
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other for high-speed manned aircraft at Eawards Air Ferce Base, Cuiifornia,
The total complement of NACA was about 7,500,

The Space Act of 1958 consolidated, greatly expanded, and quickexned the
pace of thig nation's program of space exploration, The IGY and other pro-
grams were aslready under way and were laying the foundation for this tremen-
dous expansion of sctivity., For 5 yeaz:s the NACA had been participating-in
the flight research project that resultel in the succegsful development of
the ro. .t-propelled X-15 manned aircraft, The LRC was deeply involved in
Geveloping the concept for this research vehicle and in close support of the
entire jrogran of desigm; covstruction, and flight cesting, This project is
an example of one rthat served as a focal point for an intencive ieseatrch
effort, During the vear prior to the enactment of the Space Au ihe IRC

had formulated in considerable detail the concept for the project that lazer

became known as the Mercury project, We formed a group that became the nucleus.

for the group thust now forms th~ Manned Spacecraft Center at Houston, Texas,

We continued to utiiize our research facilities to support the Mercury vioject .

throughout its life,

These examples of Zocal points that lend objectivity to our efforts are
{llustrative of the wsnner in which we continue to operate as a major Research
Center of the NASA, We are suppurting the Gemini and Apolio programs in mary
ways and ax« deenly involved in conceptual studies of a Manned Orbital Lab-~

oratory that may later become un approved flight prnject. We have given'a

. great amount of attention to the problems of lifting reemiry bodies for

application to che D}.'nn;Spcr X-20 project or possible space ferry vehicvles,

In response to .'.e research heeds crested by these new gpace £light systeus
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and of space vehicles rut yet defined s part of FASA's official program,

the face of Langley Research Center has changed, A hard core of wind tuvnels

still rama.ns <c putsde the aeronautical development program that ig ex-
esplified by the &spetsﬁnic Yransport which will fly in coemercial service
at speeds of 2,000 mph, but to thew there has been added a2 complex of new
iaboratories.

Bigh-teqentut.e vind tunnels exist for structural tests with stagna-
tion temperatures as high as 3,5000!’; also arc heating jets which are capable
of prodacing.tewerntures as high-as 15,00031;1_;0 test msterials to be/u;-ed to
protect reemttry vehicles, and a host of vacuum chembers rauging in size from
a few Jubic feet to a few tens of thousands ol cubic feet in which vacuums

spproaching tist of spac- can be pruduced. These chambers paruit the various

kinds of research fests to be acccmplished for which the stmospherc st sea-

level preasure would interfere; dynswic tests such as the !.hfmtioix of the

thin-walied spheres of the Echo series; s2paration of rocket stages; radio

wave absorption in rocket exhauscs; evaporation o{ surface filug,

LRC hes wind tunrels and special devices for creating flows with afr

- or apecia]l gases over = wind vange of speeds and pressures, At the upper

range of spe. 's. tevqeututesr aré generated that are sufficiently high to
excite the gas wolecules o that they radiste eaergy in the visible and in-
frared frequency ranges. -

Real-tive nd simulators exist or ai'e being built which will permit
resestcn to l;c carried out ou the control probiems of manncd space vehicles,

Such simulators peuit’r’elearch enginesrs to study ti!e’ systens required and - -

permic pilots to fly on earth those missions for which no opportusgty for
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practice exists in space; the rendezvous of the Gemini and Agena vehiries,
the descent and ascent of the astronauts from fhe lunar surface,

To study the effects of the nuclear particles in spece, LRC i3 now
buiilding ihe Space Radiation Effects Laboratory, which will be operated by
the nevly formed Virginia Associated Research-Center (VARC)., ®Energatic
protons and electrops will be produced which can siaulate the energy range
of those found in space, Tkis laborstory will provide the capacity to ex-
piore the interaction of these damaging particles with spacecrait materials
and systems, H?crauteodte accelerators zre available to study the impa~t
of wicroscopic sirze particles on space ’veh‘icle surfaces,

The staff of the LRC which now numbers 4,200 people is accepting che
e&llmge to explou: these new £ac111tiea ’.n order -to provide JASA and
Aserican aerospsci industxy with the uau-.;';g&,ledgg to plan and to build .
reliable space systems, But how shall all this new knowledge be introduced .
iato the industry that requires it for succesziul apention? hd, especially
kow ehall it be uﬁ;'oduced into the educational inctitutions vhich are both
the repository for it and nuns by which ic is introduced to the new gemera-

tions of siudcats who are emerging? The nrobplem is more staggering when

- one realizes that to our ovtput must be added that of otker cemters md

sources, As for as ocur ;asociation wvith industry 13'cmcgmd, we-_ are stili
making use of the opeciglued conference, but at an increasing rate. Already

i 1963 we at LRC have ormiud major confeuncu on shell prohlens of space.

/sttucturu, mnanned control of spsace vehic!es. and the design of s manned

orbiting laboratory, and a seriu of smaller conferences in more detajled

arsas such as dcroeiectfenigs.»— We are now planaing for naxt month a 2-day

;:ﬁa&’t
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classified conference on the current state of knowledge on all aspacte of
the design »f » supersomic Lransport,

As it %as a‘ways-been, a good deal of this informstion is detailed, and
of trsasitory interest, but if the fra;ti.on of it that is significant f.oday
a—.' it wus in the past, must we not try to discover nevw mechanisms for the
transfer of thls {nformstion into the scientific and technical commmity?
of s‘peciaf concern ig the introduction of this information intc the educa-
tional system, net omly _for the creation of new mswbers of the professional
peopie but clso for those whoaie knowledge wust continually be updated,

It has beec-sugseuted that one sol.ution of thiz problem can be provided
by gssotiating educational commmities —cloue to major research centers now
situated in msny wf; of,th.e country, Oreat credit is due the educational
leaders of the Comomnaith of Virgi.niq, wi:o in recomitioi of the problem
of saintaining:a continuing auocintion of the méucattonal reeecrchl
mity with education institutions have ox are in process-of esublin!ﬁ;t
& ney sradute center near the LRC, This center, mthorized under enabling
leazislation passed ir the 1962 meeting of the General Assembly, will peruit
the tiree major institutions of higher leami.ng in Virgiria, who are now
engaged in gradum.e education and re-ettch, to opetnte a major chorqtury
of the langley Resecar=h Center, and also to estabiivh a coopeutive program.
of sraduataﬁi;e’ition in science and engineering, We believe that such a
ceater can do m;:h' to improve the flow of aew knowledge into the usual stream
of «ii:lc'ai:ibnal; sctivity, - =2l

Many other things are being done and in the future many new methods md

procedures probably will be developed to actelerate an effeciive distribution

g nm - s
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and assimilation of the rapid flow of new resesrch information. This is

a natter th&t is receiving a great deal of attentlion hy the NASA_, but I
would like to suggest that the advice and inventiveness of educators ssch
as those here tonight would be of great benefit, We believe that this meet-
ing here at Blacksburg serves as a very important mechanism in dealing with
this problem, Certainiy it must serve to shorten the cheamnnel that commects
various sournes of significant new research information with the teaching
staff of cclleges and universities over a wide axea, This is an important
reason for our cesire to assist in the devnlcpment of the serics of summer
conferences on wiace activities here at Blacksburg, -

In closing, I should like to quote from the words of a man not an engineer

_or scientist, but a keen obgerver of the modern American ao;'me. the President

of Harvard, Nathan Pusey -~ "We live-in s time of such rapid changes and growth
in Wvl;adge that be who is in a fundamental senss a scholar - that is a per-
son who coﬂtinue; to learn and inquire - ean hope to play the role of guide.
Indeed, it fe not too much to beligve timt we may now be coming into an Age
of Scholars, for we hgve created fo: ourselves a wanner of iiving in herica'

in which a little learning can no longer serve our needs,"
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PROJECT RELAY

by
John Kiesling é
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INTROTMUCTION

The capabilities of existing long-range communications facilittes, alreedy
pressed by present demands, will be inadequate l;.o accemmodate anticipated traffic
within the next decade. Omne of the posasibilities for ptovic;ling the needed in-
crease in ctimunicati;'ms facilities is the sateliite communications system,

The communications satellite has the potential ability to.provide long-distance
comnunication at wmicrowave freque:ncicé,' with bandwidths available pé%*&tting the
transmission of television of many simulte;neous voice messages. l'h:l:a can be a
new and reliable 1iniE i long-distance, transcceanic telephone and telegraph

comuunizations, as well as new means for in:ercontinental radio and television B

<

transmission,
Relay

Relay is a coamunications fftellu:e built by RCA for the Natlional Aeronsutics
and Space Adwinistration., The Qatellite was launched from the Atlanyi~ Missile
Range -1 December- 13, 1962 by a Thor~Delta rocket and provided exgeriwental
communication links between North and 3outh America, and betweaen the Mticu argd
Europe, This setellite continues to perforwn satisfactorily after eight mouths
in orbit, A second felay satellite vil%B#:aunched in late 1963, Projsct Relay
has the following ¢bjectives: (i) to investigate wideband communications bemﬁ,
distant ground -ststiuns by means of a low altitude orbiting satellite; ,(2) to
measure the effects of the space environment on such a satellite; and (3) to

1,

develop operational experience in the use of a satellite comuniéat‘.o,na' system,

N e e
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The satellite contains an active repeaterto receive and re-éransmit com-
murications signals between stations in the United States and Europe, and the
United States and South America, Communications signals c¢valuated are an assort-
ment of teievision signals, multjichannel telephony, and other communications,

A major part of this prgject, 2 ground stativn network corsisting of six
Relay grcund stations located in the United Statex, South America, and Europe,
has teen <developed to serve as the terminus of the commanication links, This
ground station network was developed through the cooperation of a variety of
governments, agencies and private companies.

Project Relay is also used to perform experimencs which will provide the
following information: (1) a measurement of radiation damage tc critical come
ponents such as solar cells and silicon uioées, and (2) the wonitoring of

radiation encountered st the orbital altitudes. The results of these experi-

ments are being correlated with wes-iiements of {ntegrated flux, and energy

levels of protons and electrons to obtein experimental estimates of cowmponent

lifetime.

Communications repeater satellites present special prcblems to the designers
and users of these equipments. The satellite environment {f{zcluding the iaunch
envirooment), spacecraft acquisition bv the ground station, the inaccessibility
for repairs and voutine maintenance, and thermal and power supply problems impnse
special constraints on the Jesign. Most of these problems vire relatively new

and solutions are either not readily availzble or not proven by experience. These

- are the principal problems that require investigation, and the experiments of

Project Relay can provide information necéssary to arrive at possible solutions,
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The communications satellite must perform a variety of critical functions in

order to remain operational, These functions, as they spply to Relay, are sum-

marized as followa:

Rad § & SETNES

1.

3.

ll'-

(%1}
.

P Sl

_must be executed on command, at the proper times.

Commurications: Microwave repeaters, as such, have been operational for
many years in overland routes. However, when thesre techniquee are ex-
tended for use in sazellites, limitations in size, weight, power con-
sumption and thermal dissipation quickly become apparent. These problems

provide tha challenge for the equipment desi&ner. Inaccessibility for

repair places critical importance on the reliability of the circuits 2nd

components, and the hostile enviromment (vacuum, radiation) requires ex- .
tensive consideration,

Command: A series of command functions (and a command communications 1link)

must be provided, For instance, the communications system Just be turned

off when not needed in order to counserve battery power, and other functicns

Iracking: Beacon signals at 136 MC are provided to assisc tracking stations -
in establishing the orbitr, and providing tracking inforqigﬁon to the ground
station. A microwave bea.on is also previded to assist {ﬁe large ground )
station antenna (with small beam widths) in locking onto the satellite,
Telemetry: Telemetry is required in order to assass the state of the
various satellite subsvstems, and as a dfagnestic aid shoul’ trouble deveiop,
j@gg} Supply: The power supply must provide ail the primary power for the
satellite, On Relay, the solar cells are not capable of supplying the

peak loads required to operate the commanications «guipment, hence

batteries are necessary, and, hence the communications aquipmeat nust -

~ ¥
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operate at a low duty factor., This problem must be overcome in an
operastional system by either providing a larzer solar array or using
other forms of primary power generators, such as nuclear power supplies,

or radio iso.ope power supplies,

Stabilization: The satellite is stabilized in space by spinning it arcund

its (spin) axis. 1If this spin axis i3 aligned correctly in space, a
toridal antenna pattern will provide sutficient "look angle' coverage.
Relay is spun at about 160 vpm and its moment of inertia about the spin
axis is ten percent higher than it is about other axes so the spin i; made

stable.

Attitude Control: Although the spin axis is fixed In space therc are small

torques applied to the satellite which would cause the spin axis. orientacicn
tc change, These forces are motor torques due to the interactica beftween
the eirth’s magnetic field and the wagnetic dipole (residual megnetism)

cf the satellite and the currvents flowing throuzh the electrical circuits
of the satellite, Arothér souree of rorque 18 .ne gravity pracient., The
nodal regression of the orbit, due to thz non-sgheri:al shape of the Earth
causes the plane of the orbit to rotate, w! '<h, in tusn, causes an apparent
shift in the spin axis orientation, On Rel-y, the dominant turque is due
to the Barth's magnetic field, A torque coil -onsisting of many turns of
wire is wound arcund the “aquator' of the sa;ellife. When the sateilite

is in the correct pecsition, a current car be made +5 flov througzh this

coil (on ground command) to apply a torgue to correct the satellite
attitude, Other methods of torqueir; may he used (e.g., gas jets, rockets,

plasma engines).

A
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DESCRIPTION preee

The communicarion system used in the Relay spacecraft is composed cf three
major subsystews: (1) wideband communications, (2) telemetry, and (3) cowwand
control, Each active component oy the communication subsystems is redundant, with ¢
the exception of the telemetry encoder. Weight limitations precluded redundancy
for this unit,

The nurpose of the wideband communications subsystem i3 to porfoim experiments
cn the following types of tranmswission: television, multichannel telephony, high
bit-rate digital data, facsimile, telephoto multichannel teleprinter transmissions,
etc, Specifically, the subsystem will provide the following: (I} television .rans-
mission in elther direction, between Urited States and Europeen stations i{ucluding
the transmission o4 test signals and patterns, «nd s tie-in with televsision natworks
in the Urited States, England, France and West Sermany =8 both prograu soures ang
for the diztribution o7 Relay Programs; (2) multichannel, twoc-way telepkone service & }
of 12 channels each >tween the United States and Europe, aﬁd between the United
States and Brazil, and (3) multichanvel, record communications service and high-
speed data transmission between the United State. z=nd European Stations, und be- “
tween the United States and Brazil,

In addition to comﬁunications over the link, a varaioty of television, telephony < t
and other cormunications technigues can be studied at a panticular ground station hy 1
sensiag, and receiving at that station, This will also 2ilow a studv to be made of the
detailed link performance.

The telemetry system will provide remote monitoring of the critical electrical
parameters of all subsystems carried on board the spdacecraft. In addicion, either
telemetry transmitter can be opevated without modulation tc provide a 136-megacycle

carrier for spacecraft tracking operations by the NASA Minitrack fSystem,
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The comsand control system will permit radio remote control of all switched
functions tn the spacecraft.
Taz ground stativa transmitter for the television and 30Q-channel telephony

is a freauency-modulated 10-kw klystron with a spectrum bandwidth of 10 to 14 mega-
cycies {Mc) per second, An 85-fo0ot pcradolic antenna or a 68-foot horn will be
used depending on the piarticuvlar groum? statio.. The transmitted power to the
satellite is sufficlent so that the system noise chreshold will be due almost en-
tirely to the saktellite to ground link, For tge 12 chanrel two-way teiephone
circuit a 10-kw klysiron with a 1-Mc-per-second dandwidth wiil be used with a 40-
foot or 30-foot parabelic antenna. The ground éransmitter frequency is 1725 Mc.

The ground receivers will use a varlety of front ends consisting of either
magser or parametric amplifiers. ) » .

The satellite repeater perfoimance is characterized by hard limiting and
modulation index tripling, The }ripling is required because of the 1imiced band-
width of the ground transmiiter. The output power for each of the two-way tzle-
phony channels is four watis. A 4080-Mc, 200-3w Seacon eiznal Is also prévided as
a tracking aid,

While the object of che experiments is to study fne feasibility of satellite-
type comaunications linxs, and considerable care has been exercised in the design
of the links in crder Id achieve this objective, the link is not an operztionmal

aysﬁeu and the ability of various countries and organizations to participate in the

program has been dictated by the availability of equipment and funds.
The transmission wedium characteristics are being examined, these e
attenuation, attenuation stability, phase characreristics, interference, noise, time

avjay and other characteristics that may be of interest., WNo special anowmalies haw.e

been ohbserved to date except for some refraction at the horizon.
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The ~atellite réceiver signal strength, telemetry data, and attitude a~e being
correlated with greound stations performance (antenna elevation, pointing errcr,
veather conditions aand doppler shift}.

EXPERIMENTAL RESULTS

Pelay was launched on December 13, 1962 from the Atlantic Missile Range. 1In-
formation for the launch and from the first orbit confirmed that the satellite had
schicved the desired orbit. At the present time, Relay has accumulated almost 2000
orbits and successfully 'relayed” television, telephony and other data transmis-ions
between liorth America znd BEurope and two-way telephony between North and South
America., The programming thus far has included the Mona Lisa dedication cerpmies
with President Kentedy relayed to Western Europe and Italy; a telephon message to
_Europe by the astronau:, Jchn Glenn, a message by the Secretary of State, Dean Rusk,
relayed to South America via the Ris ground station, a portion of the Disney Show,
in color and sevzral news stoiies of significant interest. Many more programs axe
planned. The ground stations in North America and Europe have reported exceilent
performance and quality, thus demonstrating the wideband capability of the i@lay
Satellite. ?rogramming to and from South America has been adequate but not as
spectacular because of the small station thcre (30-foot antenna and 400°K receiver-
noise temperature).

" Several difficulties have been encountered with the lelay Satelltite equipment.
The most troublesome has been &n intermittent failure of a series ﬁawer transistor
in the power supply voltage regulator which provides regulated voltage to one of the
wideband transponders, This regulator-transistor also acts as a switch to dis-
connect the widebaad trrnsponder wheun not in use, The germanium transisior de-

veloped sufficieatly hLigh (leakage current), go thai this transponder turned on
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gicar launch and could not be turn=d off., The batteries discharged under the
constant nigh current drain and the satellite was .ot useable, The leakage

was believed to be associated with the drwpoint of the gas inside the trans-

L g A

istor cap which was not sufficienily low to prevent ice-Zorming in the

Joy, e e

transistor at low. temperature. After about two weeks :zhe t.ouble cleared

<

and the satellite became operational, The trou%le reappeared in March 1963

when the satellite was iu partial eclipse but clesred again after severai days.

it is believed at this time that the difficuliy 1s not associated with the
space environment directly. One of the thr:e b :tteries became inoperative
déring Merch Because of a defective charge regulator. Due to the redundant
circuitry used, the satellite is scill completely useable except for a lower

duty fector.

.
,
A PRI, SR 2 QI 0

Spuriocus c¢ommands have been observed ffequently in the spacecraft, that is,

i,
o

eguipment sometimes turns on or off without ground command., It is not yet
established whether thiz problem is due to a fault in the satellite or to
spurious commands caused by radiations from ground transmitters such as Air-

port Radio Couttolﬁéetc. So far it has not been possible to duplicate these

S D C D

spuriouz commands with ground experimencs.

-“;%gpdiation has taken its toll of thc spacecraft solar cell system. The -
solar cell array initially had 130% of needed capacity hased on 100 minutes

of operation a day, and cﬁe array capability decreased to about SOi of tﬁis

capacity after 8 months in orbit, This degradation only means that the

operating duty factur of the satellite will have to be decreased as times

passes. It is believed that the dagradation is less thaa expected because

s b SR st - s BT .
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Bxperiments are continuing to Getermine the prerise failure mechanism, although T
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the Yap Allen radiation is aomewhat less than expected. The second Relay
satellits hac been fitted with N-on-P solar cells which are much more resir-

tant to radiation. This second satellite will be 1sunched during the latter

part of 1963. '

FUTURE EXPERTMENTS

Before e commercial compunications commission ucirg satellites {either
at ncen-synchronous or synchronous alcitudes) can be considered as state-of-the-

art, additicnal experiments must be performéd and cartain techniques advanced,

These improvements are in the zenerel aress cf satellite and launch reliability.

T I R

One of the fundamental costs of a satellite syscem will be satellite replace-

ment cost including launch cost, Substantial improvement »f the mean :ime

between failures (MIBF) of the satellite =quipment can be achievad by re-
ducing the complexity of the equipment, especially the satellite power supply,
and by judicioas application of knowledge of the space enviromment to the de~

sign of components and circuits. Experience with satellites 1ike Relay provide

this knowledge,

%
3
%

Multiple launch is unother way in which operating costs can be reduced,
This has not been attempted with any communications satellite as yet, primarily

-hoosgters used in these programs do not have the cepability. This

situation will improve whan wore advanced rockets becowe availshle,

New types of power supplies are certainlylrequired f#r an operatisnai _
system, If sufficiené average power were available te. the éatellite.equipmenﬁ,‘
the equipment could be left on indefinitely, thereby improving the basic
reliability of the cquipment itself, as well as eliminating a complicated

command systeh, ard eliminating a battery-type power supply, with all {ts

ok,
«i‘ﬁ(
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cemplexity, to handle the peak load., Solar cells are capable of the average
powe=, but the solar arrays bgcome large and heavy, and of course, thke sat-
ellite i3 not useable during eclipse. Nuclear power supplies now under
development may provide the answer.

Higher orbits with steerable anteannas and s-ation keeping (e.g., the sa*-
ellites are fixed in position with respect to one ancther) provide more coverage
with less sat=llites and less everage power ver satellite, und as much, promise
to be a fruitful areca for experimentation and growth.

One can visualize a satellite communications system initially employing a
sma.l nunber of medium altitude, randomly spaced, spi:-stabilized satellites
like Relay to provide limited communications ability for, say, the Norch
Atlantic Community. As technology advances, new satellites with greater so-
phistication in the areas named above could be launched, extending the coverage
to other points of the glove, and reducing outage time. The system could grow
to the sustionary satellite system (synchronous) when the technology permits,

vhile providing a substantial communications capability in the interim., This
procedure would defer a fiim commitment to the more sophistocated systems until
these systems were state-of-the-art.

Of course, the exact forwm and timing of these experiments depends upou
many factors. Govefﬁment participatiin in experiments, the effectiveness and
needs of the newly formed Communications Satellite Corporation, the needs of

foreigu goverrnments and agencies, the funds available, and political consider-

§ ations, all combine to complicate a situation which is already complicated in
H
% the technological sense. It is probably safe to state that the experiments will
3 .
é be performed, ciat a satellite communications system will eventually evolve,
& )
& and to leave the time scale and the participants an open question,
£
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SATELLITE DATA RECOVERY AND TRACKING SYSTEM
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GERALD M, TRUSZYNSKI
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
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SATELLITE DATA RECOVERY AND TRACKING SYSTEM
by
Gerald M. Twu:zynski

National Aeronautics and Space Administration

Gentlemen, my purpose in being here today is to describe for you some of

the NASA accomplishments ard plans in the area of Tracking and Data Acquisiticn

for munned satellites. 1 would like to begin with a very brief description of tha
Manned Space Flight Network as it wes configured for the Mercury progrom,
follewed by a discussion of the changes that were made in the Network for the
fonger duration orbital flights of Schirra and Cooper last October and May
respectively. Next | wiil describe how the Network performed in terms of its
ability to provide mission operatiunal control and in terms of its accuracy and
its reliability. Finolly, | will discsss the augmentations plunned for the support
of the upcoming GEMINI program.

the geographical locations of the stations in thie original Manned Space

At Network are shown on the first slide, (Slide 1} There is ~ total of 16

stations which includes two ships; ore ship in the Atlantic and one ship in the
indian Qcean. These stations huve heen publicized on TV and in the news media
cnd | am sure everyone is generally familiar with their general distribution. Th;
basic rationale used in setting up the Network however, is not generally known.

In planning these starior locations and their equioment, the approach

varied considerably from that used for scientific saiellites and that used for
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unmanned lunar and planefary missions because of the differeace in mission
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requira=s=t,  |hess differences included the rewm:irement for data fiow and

somputations in near real time as well a3 the need for missicn flight control
capability and, of course, a primary cousiieration of astronout safely. On
the Mercury progrom, immediate tracking data was needed to determ.ne
initally and then keep current the capsule present and predicted positicn

for use in controlling critical events as well as for predicting posnting direc-
tions for aatennas at uli the Network stotions. Also, real-time infos;;nion
trcusmitted from the spacecraft through the telemetry system wos ngeded to
monitor the phyriological condition of the astronaut and the operation of the

onooad systems in the c&pw!e. In order to transm:t the tracking information

P PP MR MR N il s AR PRl

to tha compuiing center et Goddard Space Flight Center foifhfully; in @ puar

real time as possible, a ground communicc. ons network with extrame relia-
bility wes @ primary requirement. From the launch and recovery standpoints,
the launch area was, of course, fized at Cupe Canaveral. An orbital in-
clinaticn was desired which would place the orbital flight path over generally
more inhabited aneas which would locots the recov&y point after three orbits
- in o highly instrumented area available to depioyment of sea-bome recovery
forc 5. These corsiderations resulted in an inclination of some 32.5 degrees
which placed e reentry trajectory over the heuvy instrumentation in the
continm;al Urited Stm;s and the recovery areu in the down-range arec of

Canaveral. Hoving decided upon an inclination anc! comesponding launch
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azimuth, cne of our initial goals wes to focate grouri stations around the Earth
so that we could view and zontact the copsule five out of avery fifteen minutes
during the first three abifs. To review how ‘he stations fulfilled specific nesds,
let 1s consider the Project Mercury flight path in relation to the netwek stations

as thown on the next slide. (Slide 2) After launch from Cape Canaveral, the

e

ot onez o

st poss oocurs over Barmuda. A siation at Bermudo was required as an eximasion

of Cape Car.averal to obtain tracking deta during the critical launch period wher

the sustainer engine is cut off, i.e., when irsertion into Earth orbit occuns, inc
order to assi;ce data required to make the critical go no-go decision. In oddition,
it could transmit commands required sksuid mission aboit and early reentry be
determined necessaiy.
A ship was :equirgd in the Atlantic Ocean to receive telemeiry and for
ground~air~ground communications from the spacecraft ond to refay informotion
10 the control center.
A tracking station was placed on the Grand Cona;-y B‘.a‘dd}o tocalize
the touchdown point by radar observation in event of abor? and ecdy rueniry
shouid inseniion not be uffectud. The Jtations ot Kuny, Nigeria and ot Zanzibar
ond the ship in the tndian Qcean 'a‘erevrequiree‘ fee mmnicmiﬁm and ?élme?q‘
These couid cover af least two of the fist thiee orbite,
A tiacking ans command capabiiity was nevded in West Aust:cﬁa to mak»
antipodal observation for refinoment fthe spacecaft orbiv and to remotely |
resat _the on-;board timer, if recessury, for initiating 1et=rocket-firing.
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The stations at Woomera, Australia and at Conton Island ware neaded for
telenictry and communications. in additisn, the Woomer station could provide
tracking on the eorly passes.

Hawaii was also required to track and have a capability of commonding
the rotiotimer o back up the West Australic command function.

In evant of retrotimer {ailure and imminent failure of the «ironaut to
v initiote retrofire manually, o station with a command capcbility was required
" at Point Arguello on ihe Pocifc Missile Ronge so thot this critical event could

be covered on the compiétion of the secord or third orbits, A similar station
was jaquired at Guoymas, Mexico for possible termination of the flight on the
first orhit.

And finally stetions ot White Sands, Corpus Christi, and Eglin Air Forcs
Base in Fiorida were utilized to maintain tracking continuity after retrofire i

 order to focalize the touchdown point during the planned raentry into the primary
recovery ared in the Atlaxtic Ozean.

While an-ortempt wa. mode 7o meet the bumsic fve-out-of-fifteen minute
contact ﬂﬁw, the earth's reiation of 45 degrees on its axis during three orbital
paths required zertair; compromises io be made in the total number (;nd location
of the stations. These resulted in gope such as one of opproximately 30 minutes

" on the thind arbit, | |

Anotter of our goolt vﬁn}o we oguipment of' prove relic sility for the
Network stations wherever feaiblo. The wisdom of this c:hoicg, we feel, was
demonstrated by the excellent successes of the tracking network in the Mercury
program. The next slide (Slide 3) illustrates the equipmants installed ot each -

Sva 2 m IO T " R s L N e R ° o
N S el e L T T L TS e e RN, RO T Y L My e T N TR iy
[ - b - A Y R L.



4 XXIII ~5-

station. All the Monned Space Flight Network stations, except White Sonds
and Eqlin, were equippex! for telemetry reception on the stondard UHF fraques~
cies. General systems of this type har been used extemsively in the past and *
the techniques and equipment were well knowa.
All staiicns were equipped w.ifh tracking rodars with the axceofion of
the two ships; the ftwo Af.ican stations on the Cunton wiand station. Two
types of rodors were employed in the network for precision tracking: a long
rasge 1, 2 operation af the S-Band and the FPS-16 type operating ot C~Bard,
Three ..ey tracking stations were scxsipped with both types ;o ot/ain greater
reliability by having c redundant rodar tracking copability. /At the tim= of
Qﬁginal netwoik planning, only the S-Bond type beacons hid had an extensive
flight history. Coisequently it was felt extramely importint to include this
system in aJdition to the C-Band trensponder required it conjunctior. with the
FPS-16 radars. ' Thus if cne transponder failed, the altemots radar tracking
complex could provide the compyters with sufficient . sta to determire the =
capsule orbit,
The next slide (Slide 4) pictures a typical FPS -16 rodar irstallation, ‘
it has a 12~foot diometer parabolic refiacter antennc .vith a 4-hom mounopulse
feed system. The chamcterisﬁé are listed on the next slide (Slide 5. It
oferates in the frequency range of 5400 to 5900 megacyclus per second with
| a peak power output of | megawatt. This radar provides range data with an

3ccuracy of the order of 7 yards at a distence up to 500 nautical miles with a
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capsule beacon peak power of approximately 460 watts, The S=Band radar hos
a 10-foot diometer dish and cperctes near 3000 megacycles.

The next slide (Slide 6) illustrates an antennc instaliotion typiral of
those used for signal acquisition as well as telemetry reception and copsule
conmunicarions at each of the sites, it comisis of an aray of 4 hel cal
eiements Having ¢ gain of I8 db in the tulemetry frequency range of 225 ts
260 megacycles. Two of these quod~helix arrays are arranged in height and
spoce diversity through couplers which feed a set of preamplifiers to provide
the best signal. The antennas, coupler, and preomps are included in the
antenna pedestal shown here,

The Cape Canaveral telemetry site has in addition o 60-foot diameter

. parabolic antenna which provides 26-db gain and is also used as o VHF commu~

nications antenna.

Four standard FM telsmetry receivers are required at each site, two for

diversity and two for duplication of these for reliahility. IRIG stondard suti-

carrier channels 5, 6, 7 and 12 are used with an effective recaivar noisa
bandwidth of 50 kilocycles. For demodulation, there are either ‘6 or 8 discrim~
inctors installed at each site with either a §0 or 15 channel decommutstor.

In oddition, all sites are orovided with equipment for post-detection record~
ing of all of the telemetered data, and real-time presentation of selectod

critical chonnels of telemetry information.
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The ground station ond ship instrumentation for the command function also
utilized antennas similar to that shown on this slide. In genercl, each station
has three similar antennas: two for raiemetry and voice reception, one of which
is used os an acquisition aid, and a third antenna for command control and voice
tranemissions in the 500~-mc frequency rangs. For the command funciion. two
FRW-2 transmitters are installed for redundancy, each having a power output
of aboui 500 watts. The signais are tone~modulated with up to & tones. Mcniter
receivers and decoders are also installed for mcking @ permanent recording of
command sicnaling.

One of the most critical function the 'vorld wide network must perform is
thet of obtaining data and making hich-speed near-real~time computotions.
During a flight, the rrarking data from the Monned Space Flight MNetwork
stations are sent via grcund communications to the Geddand Space Flight Center
in Greenbelt, Maryland, for processing. In a moment I'li retum to the subject
of grund communictions. The development of an uxtensive computer program
was reguired to handle i'ie tracking date ond to make critical computations for
the so~called "go or no~go" and retrofire ond reentry decision within milli~
seconds of tracking 1neasurements. At the Goddard Computing Center two IBM
7094 com,;nnms are instalied, These operate in parallel to accept position data
in digital form directly from the statiors and perform computatiom for each of

the separate flight phases: the lounch phase, the orbital phase, and the re-
covery phase.
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. The Computing Center ot Goddard ¢lso houses vorious displays and plot

7 board presentations for visual indicatior: of ccpsule location, velocity, and
srotus of certain critical capsule systenss. In the weeks preceding a flight,
the Computing Center was employed to conduct many mock flights using pre-

. pared tape data to simulate the opurction of the Network. A great familiarity
with the use of the Network for mission control was achieved through practice
in handling simulated problems. | migh* add thot data {rom the ustroraut and

\ from his reactions were not merely simulated but he was cctuully placed in the
information Io&p for training. £

The iob of providing vorld~wide ground communications to lirk the natwork

. stations required an unusual omount o7 sareful engineering ond attcatior "o assure

obtaining moximum reliability. T' . communication circuits for transmitting data

gy g o

XY

on Project Mercury are indicatr  crcrially 2n the next slide (S'ide 7). The

Goddard Space Flight Center acr as ¥.& maln eommunicaiion terminal for all

S LTt

of the ground stations in the Manned Space Highi bistsairk, Through this

Center the stations are linked to the Computing Center at Goddard and the

P

Mercury Control Center ot Cape Canaveiai. Giound communications, con-
sisting mainly of leased commercial circuits; include 130,000 miles of teletype
i circuits, 35,000 miles of telephone lines, and 5,000 miles of high~speed data

circuits. Several of the links were dup_licoted via different routes for relia=

bility. Except for launch phase data, the volume of data from the network

staticns required the use of 60=word~per-minute taletype circuits around the
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world. This low rate was poseizie rimough use of a techninue which | will
describe later that involves sending summary messages from the remote stations.
Voice corimunications with all e network stations were controlied from the
Mercury Control Center and the Goddard Space Flight Center.

Next we will consider in retrospect the changes made tn the Manned Space
Flight Network for ground support of the &~orkit mission of Schirra and the
2Z-orbit mission of Cooper. The requirements and support for these missions
were unalyzed but this fime with the experience goined on prior operciion of
the network. We had leamed that we could relax the requirement for an
average contact of five minutes out of every fifteen minutes of flight to s
littie as one contact per orbit for some orbits for the following reasons: first,
because the network had demonstrated ‘hat an orbit could be detemined with |
good accuracy with data from the first orbit; and second, the flight experience
of the ustronouts dispelled apprehensiveness about ohysical cendition and re-
sponsiveness when subjected to launch acceleration, weightlessness and other
conditions of spacs fiight that differ from the nomal environment of man.
Also, there was no question that the astronaut could play an important ;oia {
in controlling and increasing the reliability of the spacecraft system. Thus
there was a dacrease in the rate at which confacts were required to at least
one contact per orbit, and it was dotermined that the existing sixteen network
stations could meet the requiremonis of the longer duration missions provided
the two ships were judiciously relocated and o command capability was added

to the second ship,
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For the 6~orbit mission shown on the next slide (Slide 8, the indian
Ocean ship was moved westward to a location neorer South Africa. A ship
was no longer jecated in the Atientic Ocean but ons was staticned in the
Pacific necr the Phifippine Islands as shown. This ship was cisz required 1o

have the cupability of transmitting commonds fo initiate the retrofire sequence

if necessary. [or Cooper's 22~orbit 34~hour mimion, a ship vt not placed
near South Africa. imstead a ship was stationed in ﬂ;\e South Pacific as shewn,
Later | will show resulting telemetry contuct time obtained with this latier
Network configuration.
As a result of the Mercury program's continued need for both a daylight
faunch and a daylight recovery, the 6-orbit and 22-orbit miss:on had to have
a planned recovery area in the Pacific neur Midway fsland. However, thess
missions could have been terminated on orbits 1, 2, 3, or 16 and still have a
daylight recovery becouse the Atlantic area was also maintained. As mentioned
previously, It is necessary that a station be in sight of the capsule in the critical
area where retrofire is plonned to take place. The station can thus communicate
with the astronaut and initiate last minute ground commends if necessary. The
ship located northeast af the Philippines met these requirements,
With this brief review of the characteristics and physical arrangement
of the Manned Space Flight Network, 1 would lite to discuss its actual use
in performing mission control. As indicated e;arlier, o mission wos generally

divided, in terms of the specific emphasis to which the entire dota output of
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tht nctwork was divected, into three phuses, namely, (1) the iaunch phase
inciuding the actual go~no~go decision at inserticn into orbit, (2) the on= orbit
phase, and (3) the reentry ~nd recovery phase.

During the launch phase, there are a number of factors of paramount
consideration for missior control: The operution of the booster vehicle, the
faunch trajectory, the cut-off velocity prediction; and the passible require-
ment for early mission abort and subsequent astronaut recovery. Each of these
factors has special needs which had to be matched by the nefwork progrom for
tracking and computing. Accurate and po.itive tracking of the vehicle during
the entire launch to insertion trajectory is mandatory. During the lounch phase, .
data is obtained from three tracking facilities in the Cape area. These are the
FPS-16 radar, the Azusa tracking system, and the launch vehicle rdio guidance
tracking system. Data from these three iracking systems are converted at the
source from analog to digital form at a rate of approximately 10 measurements
per second of Azimuth, elevaiion and range. These data are tronsmitted in
real time fo Goddard Space Flight Center and fad into two IBM 7090 computers
that operate in paraliel to perform computations for the critical go~no~go decision.
Simultaneously, these computors continuously predict the impact pointi of the
capsule had there been o requirement for abort of the mission at c;ny time during
the launch phase. Computer cutputs drive various rlotting bourd presentatiins,
including a specific presentation for the go=no-go decision and for the predicted

impact locations. Throughout the ontire mission these computers generate pointing
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information for all the ground tracking stations to alfow rapid acquisition of
the capsule *ransmissions s it appears over the local horizon. Since the orbital
insertion of the Mercury capsule hos to take place at a relotively low eievation
angle from the Cape tricking equipments, and since tracking from the Bermuda
station is extremely important, redundant radars were instalied at this station,
In addirion to the iracking information transmitted to the Goddard Space Flight
Center computers for the main computation, a 709 type computer on Bermuda
permited the vital go-no-go decision to be made by this station should difficult-
ies with communications fo the Cape hove been encountered at this critical time.
The next slide (Slide 9) shows the computed pcrameters required for
determining the go-no=go decision. rlight path angle, designuted w. gamma,
is plotted vertically. Gamma is the angle betwee:: the normai te the locul
vertical and the spacecraft velocity vecior, er siated another way, gomma
i3 very nearly the angle betwzen the current direction of flight under thrust
ond the direction of flight were the spacecraft in circular orbit., On the
horizontal scale velociiy ratio V over Vr is plotted, where V is the velocity
meaasured by the tracking network tind Vi is the velocity required to achieve
circuiar orbital conditions at a given altitude. The trace; of course, is
actually continuous, however, it is plotted in three segiients, each of which
uses different scale units both in the vertical and horizontal to emphasize
certain critical portions of the launci trajectory, which accounts for the

seeming discontinuity. The parameters ot Hight path angle and velocity
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ratio taken into acrcunt by this chart are directly indicative of whether the

conditions for satisfactory insertion are being met during the loeunch phase. .

The shaded ared represents the Iimits of variatisn of these particular pur-

ameters within which o satistactory orbital insertion can be cchieved. If —
the trace ends inside the shaded area a satisfactory imé;fion is indicaied.

If it temminates to the left of the area the spacecraft would not have achieved

enough velocity to complefe one orbit. To the right, a preblem could be

expected with huating during reentry,

Plotboards were usad to present this critica) data at Goddard Computing

[

Center and at the Marcury Contrc" Center at the Cape., The Mission Dérecfor v
at the Cape required information as early as possible in advance of impending

flight difficulties. This type of plotbourd presentation in a manner of speaking

tells wha; the computers "know" as thay centinue to recommerd a "go" decision

for the launch phase. This slide (Slide 10) shows the four plot=boards instailed

at Goddard. During the launch phase the go=no~go plot is normall,/ presented —
in duplicate on the two center boards while the remaining boards arc used for
other selected plots. What is prasented or: the charts may be selzcied (Slide 11)
at the console shown here in the foreground so ac to best match the needs for
mission control during eoch phase of the flight. The Mercury Control Center

at Cape Canaveral shown on the next slide (Slide 12) also made use of the
Goddard Computing Center data to fred the simiiar plot=boards shown here o

to the right of the screen. lu addition, during the launch phase telematry
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informuiion on the condition of ti.e astronaut and capsule systems was trons-—
mitted to the Control Center fur ciservation by the flight controllers at the
consoles shown in the center of the control room,

The Nztwvork tracking support for the launch phase was not considered "—‘
complete until the spacecraft velocity vector was detemined at insertion and -
untii the initiol orbital elements were calcviated and transmitted to the Mission
Control Center. Once the capeuls was satisfactorily inserted in orbit, the primary
task of the Network become that of acquiring telemetry and voice data and
trawsmitting it to the Mission Director so that he could monitor aeromedical
information on the astronaut and staius data on the capsule systems. The
nstmno:ﬂ'f t.ood pressure, body tempsrature, and electrocardiograph data
were examples of critical aeromedical datc. Information about the copsule'; ’
systems which had to be known included reodings on the amount of hydrogen s
peroxide fuel remaining, oxygea pmssure, various component temperatures
and other similar parameters. To fulfill these needs for each Mercury flight
+he Network hod to acquire and record on magnetic tape a total cf apgrox-
imately 90 channels of telemetry data each time the spacecraft passed within
sight of a Network station,

The Network oiso provided comnunications ci rcuits, as shown in an
earlier slide, to trarsmit to the Misclon Director the information he required -
to diruct successfully a manned Mercury spaceflight. To achieve reliable -
world-wide communication circuits, fhe Network was limitad o the use of

60 words-per-minute teletype links to stations remote from the L. S, The
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limitatious of this communication capability required, however, that a speciolly
trained team of mission personnel be located at the Network stations to axcomplish
several tasks: {2} to talk to the astronaut and to monitor and interpret telemetry
information directly, (b) to compose concise summary messages ba-ed on voice
and telemetry infomiation and {c) o send the summury messagss to the Missicn
Director for decision. A seiection of approximately 30 quantities of telemetry
data of major importance were displayed at consolis o aa<h =f the Network
staﬁ’t_:ns and at the consoles at the Mercury Control Center. During a mission the
flight controllers, as they were calied, were situoted ot the consoies o tolk to
the astronaur and to observe the telemete-ed infamation for malfunctions. A
docfor sat at the geromedical console und usu!ly another astronaut <at at the
copsuie communicotions conscle. In addition, o communications tecknicicn was
also present along with other technicul experts,

This next slide (Slide 13) illustrates o view inside the station on the Grund
Canaries. The flight controllers sit af the consoies in the backgreund., Th's:
close~up view on the next slide (Slide 14) shows the {mstrumantetion at @
typical remote site for the aeromedical consvle, the we communication
console and the copsule observer consele. This station may have Leex fore=
wamed of the immediate need for spscial data such as suit temperature., This
type of data and other impar?ant information, including frends in readings.
such at inverter temperature changes, wure sent Immediatdy to the,Mérwry

Control Center via voice or teletype. Momally, howevar, a summary report
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comsisting of a compilation of the reports frum each of the flight controllers
was transmitted to the Cape affer ecch pass. Established procedures required
that the flight controllers refrain from all action indicated necessary until
instiuctions were received from Mercyry Control. Reliability in Network
communications thus required extreme attention because the astronauts' safety
could have been fatally dependent upon effactive real-time communications.
During the orbital phass the Mission Dicector also had to knovs the
precise position of the spacecraft at all times so as o carry on the flight
progrom and make decisions conceming the time and place for reentry. Track-
ing was accomplished by the station radars operating in :fhe baacon mode. When
the capsule was in sight of a station, a set of measurements of ‘;im:th, slevation,
and rrage were made once every 6 seconds instoad of 10 sefs of measuramonts per
second as required during the launch phass. Orbital tracking data was also
transmitted via teletype to the Goddard Computing Center in near real iime
as the capsule passed each succmsive staﬂor!. The Computing Center then
up~dated its orbital elements, sicrting with the-interim elements determined
from data obtained durirg the firs. pass over Bermudc, . The Center in tum
computed and provided pointing data to the Metwork stations not yet reached
by the capsule until the completion of the flight.
In order to terminate the orbital phase of the mission with a satisFactory
reentry ard recovery of the capsule and its occupant, the precise time for
ritrofire had to be computed during the orbital phase before the necessary

conmanas cGulis be trarsmitted to the capsule. In addition, tracking of the
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reentry ticiectory was required so that the precise landing area could be
predicted as closely as passible, The Metwork accompliiSed the retro timing
requirenent by combluing orbital computations with ¢ progrom of curve=f*ting
of praudicted resniry trajectory cominstatiors to compute the tims 5 initiate
retrofice saquencu. The entire retrofire sequence war acconiplished sither
manually, by verbal contact through Network communications with the
astronaut, or automatically by Network ground command. The commands
would preset a clock in the capsule which triggered the sequence. Vhen up-
dating of the orbital elements affected timing computaiions, ihs retro=clock
timing was reset on the next station pass affording the o;;ponunity. Hod there
been a fatlure in the retro~timer, firing of retro=rockets was pomsible by direct
commond from the Network stations,

Tracking during reentry for r-eovc;yA in ike Atlantic Ocean was accom~
plished on the first three ccbits with refutively full radar coverags provided
by the Network stations across the southem portion of the U. 5. For reantry
in the Midway area, the Departmen  Defense picvidsd o traddeing +hin to
accomplish reentry tracking in the Pacific racovery area. Dgta v’-—?'m these
stotions were trarsmitted in near real~time to the Computing Center anv wee.
used continously to rafine the impact point predictions and drive the plot-
boards at the Centers. With thate predictions, the Mission Director eould -

advise the recovery team of the sredicted impact location to an cccuracy of

. saveral m!lgz.
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Now that we have described liow the Network was utilized during the
actual missions, the logical question is how well did the Network perform
during these flights?

This next slide (Slide 15) summarizes the actucl performonce obtalned
with the Monned Space Flight Network for the Mercury program. Some of you
can recoll sav;d? years ago how unduly optimistic these figures would have
appeared for predicted performance of the Manned Space Flight Network. In
considering performance as o whole, one con say the Netwcrk performed one-
and ~ a=~half to two times better than originally anticipoted. 1t should be noted
that the "Network Communications” and "Computer Reliability” performances
shown on this slide were achieved partly due to the use of backup fociliries
previously mentioned. Now | would like to discuss briefly the orbit compu=-
Miom‘ond telenetry dato acquisition performance.

J"nu performance of ine Natwork in tems of its accuracy in determining
orbits was a vital measure of ifs usefulnass in performing mission control. The
most demanding tak which the Network computers had was that of establishing
an initial orkit with sufficient accuracy for a go no-go decision using au:~
oinained caly from frocklng equipments in the Cape o~ and the down~range
shatton ot Bermwda. The naxt slids (<tide 16) shows, for each orbital flight,

how cvoges ana periges, z:clcu!mo;( onfy on @ basls ¢f data from its first

pass ovor Bermudda, ired with the apogee and perigee that was culculated
after the ;pacecrafi had made its Initial pass over Amm;llu, approximately one~

half orbit Juter. In every case thers has been less ihen 1.59% change. Here the
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effectiveness of radar measyrement for trajectory computations was demonstratad
cnd provided the cssurance we were looking for in its use particularly for the
longer duration missions with decreased coveroge.

It is intersstino *o note that wher calculating the retro-timer clock
setting for the MA-9 mission for passible reentry after inree orbits, there was
a difference of only 2 to 3 secondi betwsen the Sofﬁt-'lg obtained using first
pass data for computations and that including the Woomera dota,  This differ-
ence woul& be equivalent fo an impact prediction error of 12 to 18 miles,

The main factom, contributing o inaceuracy of the final results in orbital
calcviations have been geodetic uncertainties and the lack of a common, well~
known datum foa' the tracking radars. Knowledge of these uncertainties have
improved since the initial Joln Glenn flight and the accuracy of the Manned
Space Flight Network orbital determinations has improved conwmtl'y io the
point where spacecraft position in space con be determined to the order of 200
to 300 yards,

Performance éf the Network with regard to its telemetry function could
also be described as excellent. In fact, during the entire Mercury grogram,
there were no telemetry data failures. Rolatively good telemetry soveroge was
provided for the first three orbits. This ;orfomoncs was, of course, Juplicated
for orbifs 16, 17 and 18. Usually a signal wos acquired as the capsule approached

to approximately ore dcgree belaw its line of sight view from c station. Cal-
ibrotion of the telametry dota was accomplishec. both befors and during each
flight, and there were no unexpected difficulties in the calibration or accuracy
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of recorded data. This next slide (Slide 17} shows in bar graph form the total
tolemeirv recording time accumvlated for each of the orbits in the Cooper flight.
The n*mbers above the bars indicate how many stations recorded during each
orbit. As you con clserve, the desired Network capability of contacting the
capsule af jecst once per avbit was achieved.

Today | have tried ts'impart to you a feeling of what was involved in
achieving the leve! of technical support just described. In summary, the Manned
Space Flight Network involved extremely careful and detailed pianning by
single INASA group familiar not only with tracking and data acquisition
facilities but also with the mission characteristics and the requirements for
operational control. Further it involved very conservative equipment design.
it literclly invoived months of flight simuiziions. It involved very careful
maintenance and control of change procedures. it involved the development
of unique operational techniques. It involved continuous monitoring of the
communication !ir:es between the stations to ensure reliable operction. And
lastely, it involved continuous training and cross~training of the personnel
at each of the stations to Jevalop a high level of operator competence.

With these factors in mind § would like to conclude with a word about
the Network changes or, perhaps more descriptively, the Network augmen=
tations planned and underway for support of the upcoming Gemini program.

As you know, Gemini will fly two men for extended pericds, up to
several weeks, and demonstrate rendezvous techniques through use of a
separately lounched Agena spacecraft. From the experience gained on the

¥
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Mercury progrom, the Office of Tracking and Data Acquisition began planning
early for the ground support of Gemini using the following guidelines: (a), we
would male maximum practical use of existing Network facilities to utilize
these proven systems and to lower the costs for development ond qualification
of the ground instrumentation, and (b}, we would augment the Nefwork for
Gemini at a minimum number of stations using a building block approach so
that the cost of expansion to meet future requirements could in tum also be
minimized.

A Tk-rre are four genarai types of roqui;rements (Slide I8) for Gemini which
were different from thMercury program, thereby differertiating what is needed
for mission control of Gemini from that which the Network was {é‘nody capable
of providing, These new requirements are shown here.

To facilitate th~ accomplishment of rendezvous of the Titan (I {aunched
manned Gemini capsule with a previously launched unmanned Agom_ tonget,
orbital changes are required both as a result of a variable launch azimuth and
maneuvers affecting orbital elements. The launch azimuth may be set at the
time of launch anywhere between 76° and 106°, depending on computations
involving fime-of-lmh relationship with the Agena orbital vehicle. The
mission requirement for a variable launch czimuth will be supparted by ths
addiiion of only one new Netwerk station being installed in northwest Australia,
This station will replace the Australian stations both at Woomera ond Muchea
because of its better Idcqt‘ion in relation to the Gemini flight path near the

antipodal polnts for the first few orbits,
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With the Agena spacecraft and the Gemini spacecraft in orbit, simylta=-
neous tracking, data acquisition, and command will be recuired. This next
slide (Slide 19) shows how existing Network facilitiec are being augmented to
support the Gemini program, All of the stations which hove supported the
Mercury program are {isted plus the new station at Camarvon. Woomera ond
Muchea are omitted. Eight locations will be heavily instrumented to serve as
"prinﬁry“ stations. The additionci squipment now going into the primary
stations consists of new PCM type telemetry aquipment and ougmentation of the
existing fone command system with a digitally coded cormaand capability. The
secondary siations will complement the Network by providing edditional track-
ing and communication coverage.

The primary station locations are shown here (Slide 20) in relation to the
maximum inclination angle planned for Gem‘ini os represented by the shaded
band between + 34° latitude. As you may recall, the inclination for each of
the Mercury shots wos fixed at approximately 32,50,

The two ships planned here will be the seme ships which were used for
Mercury,

To handle the larger amount of telemetry data nceded for mission control,
the eight primary stations will use PCM telemetry eqt;épnmt instead of FM cs
used for Mercury., PCM telemetry, or digital telémetry as it sotmetimes is
cailed, is required for several reasons.

(@) 1t will maich the spacecraft telemetry instrumentution. Mauch of

‘the on=board data is of an “either=or" nature which is most

efficiently handled in = digital format,
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(b) PCh4 telemetry affers more flexibility in the handling of large
quantities of data and is more adaptable to automatic data
: processing which will be necessary for Gemini.

Ground communications among the stations will continue to be limited in
some cases to 60 word-per-minute te!stype and the technique of sending summary
messages will again be required. However, unlike the Mercury procedures, PCM
telemetry will enable the mizsion controllers at Network stations to use a high
degree of autome’ion in processing summary messages to free their time for
obzarvation of data os the spacecraft pusses overhead. And finally, the need of
the project for spacecruft in-orbit control and command will place new require~
ments on the up~data link and ground communications.

Central control of Gemini operatizns, including the Agena aiientation
and propulsion maneuvers, will be initiated from the IMCC (Integrared Mission
Control Center) ct Houston, Texas by ground command.

To perform the command function v'e ~:c instaliing a new digital commard
system which will use existing FRW~2 transmitters and will receive, store ard
tranamit both reai-time and stored command data t> the two spacecraft. Part
of the command function will be the transmission of data for the on~board
velocimeter and of course to up~date the timing of critical orientation and
propulsion functions, The digital command system will also serve as a back-
up boost phase quidance [ink if required.
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In summary, while certain equipment augmentations wiil be effected,

many of the techniques leamed during the Mercury program, particularly *

terms of procedures required to assure pesitive Network support, w** &
uvtilized in Gemini and in this way, an ever-increasing b~

how will L~ availabie for the extremely comples

- wountered in the manned lunar !
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SYNOPSI3

With the completion of the Mercury program, acience has gained conmsid-
arsils new krowledge about space., In more then 52 hours of manned ilight.
the :nformatior brought back has cha#ged meny ideas abovt space fi{ght., De-
tign problem cccupied the firs’. and major portion of the Mercury progiza,
The hLeat shilid, the shape of L.z Mercury spacecrarft, the apacecraft systems,
#nd the recovery devices were develoved, Flighc operacion:z proc:dures were
orgsnired and developed and a training program for dboth ground and fiight
crev fcllowed, Scientific experiments were planred with man in the loop.
The-¢ included photography, extra spacecraft experiments, and cbservatiom
or gelf-nerforming types of experiments,

But the real knowledge of Mercury lies in the cbange of the basic phi-
loscphy of the program, At the beginning, the capabilities of man were not
known, 30 the systews nhacd to be designed to functiun automatically, But
with the aldition of wan to the loop, this philozsphy chaag=! 1RC degiass

siuce primury success of the mission depended on wan Lacking up su’owmatic

equipment that could fail,
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INTEODUCTION

As the first manned space f£ligh< project of the United States, Project
Mercury in ity various aspects has been discussed in grrat detail by zlmost
a!'l members of the project, ‘The purpose of my discussion today vill not be
Lo repeat the technical deotsils of Project Mercury, but teo ouiiiue and dis-
cugss some of the significant coniribution~ thz program has made tov ithe area
of space technclogy.

It is impertant to ncte that 32 hours of mannad orbital flight, sud
less than £7:e hours »f unmanned orbital flight by the Mercury spacecraft
have produced 'a iarge book of new knewledge, The hours spent on the ground
development and traini=ag, the preparations for flights, and the baliisiic
fiights cannot be calculared, but it contributed heavily to the knowledge
we ultiwmately gained in space flight,

The three basic aims of Project Mercury were accomplished less than
five years fror the start of the program., The iirst U,S. manned spsce
flight program was designed to (1) put 8 man into earth orbit (2) chserve
his resctions to the space enviromment and (3} bring him back to sarth
safaly at a point where he could be readily recovered. All ot thes: ob-
jectives have been sccomplished, and some have produced more information
than we expected to receive from conducting ithe experiment,

The whole Mercury paoi=wi as) e considered an exveriwent, in a certain
smse, We were tesiing ‘he sbility ¢f a man snd wachine ro perform in a <on-
trolled; but not completely known envizorment,

The control, of ~surge, come from the leunch vehicie used and the space-

t

creft gsystems imcluduid ia (5L wehfcle. Although vwe knew the general conditioms
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of space at Atlsas insertion nlcitudes, we did not ¥know how the specific
environment would afflect the spacecraft and man. Such conditions as vacuum,
weightiesonese, teat, 2old, and -=?iation were question marks on the number
scale, There vere also many extraneous unknowns which would not affect the
immed1iete migsion but would have to be tonsidered in future flights., Such
thinae ne vieibility of cbjiects, the airglow layer, ~bservation cf ground
lights and landmarks, and atmospheric drag effects were important for future
reference,

The program had to start with a series of design experiments., We had
little criteria for the space vehicle, If we could find that a certain type
of heat shield could make a successful reentry and a certain shape of space-
craft, we would have the basis for further design of systems,

A series of flight tests and wind tunnel tests were conducted to get
the answers to erme of the basic questions, First, would the ablation prin-

ciple work in our application? Could we conduct heat away from the space-

craft body by meliing the fiberglass and resin material? How thick would the

shi2ld hav2 to be roxr our particular conditiocns? What temperatcres would be
encountered and for what time priiod would they exist? Early wind tunnel
tests proved in theory thal the saucer shaped shield would protect the rest
of the spacecraft from heat damage., The flight test on the heat shield must
prove the theory, 1In February 1961 we made a baliietic flight in which the
spacecraf’ reentered at a8 sharper angle than programmed and the heat shietd
was subjected to greater than normal heating., The test proved the heat
shield material to be more than adequate,

The Mercury spacecraft did not start with rhe ramiliar bell shape. It

went though a series of design changes and wiad tunnel tests tefarc the optimum
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shape was chosen, The blunt »sh:sue nad preven best for the nose cone reentry,
Its only drawback was the lack of stability, Wc next tiied the cone shaped
spacecraft, but wind tunnei testing p.cvea that heating on the ziterbody
wnuld be too severe, githough the craft was very stable % tccac.y, After
two more trial shapes, the blunt bottom cyliuder cu a cor.e shape came into
being, It was a complete cvcle fvom the early concepts »f nanned spacecraft,
but {t wa.: only the firet <r a series of changes in our way of thinking of
the flight program and itz elements,

A second part of design philosophy thinking came in connection with the
use of aircrart equipment in a spacecraft, We had stated at the start of the
program ithat Hdercury would use as much as possible the existing technology
and off-the-3helf items in the design of the manned spaceccaft, But in many
cases, off-the-shelf equipment would just not do the job., Systems in space
are exposed to conditions that do not exist for aircraft within the envelope
of the armcephere, Near absolute vacuum, weightlessness and ¢xtremes of
temperaturcs makes equipment react differeatly thar it does in aircraft, We
had to test equipment in advance in the enviroument - which it wes going to
be used, It produced an altered concept in constructing and testing a space-
craft. Althcugh aircraft philosophy could he adaptcd, ir. many cases, aircraft
parts could not perinrm in a spacetrait.

The third part of the design philosoply, and perhaps the most important
one fn regard to future 3ystems is the automatic cystems cuntained in the
Mercury spacecraft, When the projeci started, we had nc definitive infor-
mation on how man would react in the spacecraft system, To insute}that vie

returned the spacecraft to earth as planned, the critical functions would

wr
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fiuve te be avtomatic, The control system would keep the spacecraft stebi-
lized at precisely thirry four degre=s above the horizontal, The raetro-
rockets would be fired by an automatic sequence under g programmed or ground
command, The dicgue and main parachutes would deploy when a barosta: inside
the spacecraft indicated that the correct altitudes had been reached, The
Mercury vehicle was a highly autematic svstem and the man essentiaily was
riding along as a passanger, au observer. At all costs, we kiad to make -ure
that the systems worked,

But we have beer able ic take advantage of man's capability in space,

It started from the first manned orbital flights, When some cf the thrusters
became inoperative on John Glemnn's flight, he was able to assume manual comn-
trol of the spacecraft in order to fly the full three orbits planned in the
mission, Wwhen a signal on the ground indicated the heat snield had deployed,
Glenn bypassed certain parts oi the retrosequence manually and retained the
retropack after it had fired, Ia this way, he insured that the hYeat shield
weuld stay in place during reentry and the spacecraft would not be destrcyed
by excessive heating, When oscillations built up during reentry, Glemn uti-
lized his manual capability to provide damping using both the wanual and fly-
by-wire thrusters. The pilot's role in manned spacc £light was assuming a
more important aspect,

Carpenter's flight again emphasized the ability of the pilot to control
the spacecraft throuzh the critical reentry period. Excess fuel was used in
both of these orbital fligiuts, 3chirra's task was to determine if man in the
machine could conserve fuel for a long flight by turning off all systems in

drifting tiight, It was a task that could nst be sccomplished by a piece of




XXIv-6-

sutomgtic equipment in the confined area of the Mercury spacecraft, Schirra
also was able to exercise another type of pilor control, 1t was the fine cou-
urel recessary to adjust prescsure suit air temperature to produce 2 workable
enviromsent, Woen we flew the mechanical man in MA-4, we did not have the
capabiiicy of making fine suit temperature adjustments or to realize the prc-
blems we might encounter in suit design. Man could analyze ane correct suie
temperature, thus poinrting out necessary design parsmeters to follow in future
programs,

The MA-4 and MA-5 flights were probably the most difficult of the orbital
missions, They had to be flown using only one automatic control system, We
had no man along with the ability teo override or ccrrect malfunctions in the
systems, Ons of the flights ended prenaturely due to maifunctions that we
could not correct from the ground, In both cases, a man could have assumed
manual ccntrol and continued the flight for the full number of orbits, It is
no hypothesis or theory, it has been borne out by facts, With this design
criteria in mind, the Cooper flight was e fitting climax to the Mercury pro-
gran, Mot only did it yield .ew information for other siacecraft prosrams,
but 1t demonstrated that man had a unique capability to rescue a mission that
would not have been successfully completed with the automatic equipment pro-
vided.

Man serves many purposes in the orbiting spacecraft. Not only is he an
observer, he provides a redundancy not obtainable by other mzans, he can con-
duct scientific experiments, and he can discover phznomenon not seen hy auto-
matic equirwant,

But most important is the rdédundancy, vhe ability of annther system to

take over the mission if the primary system fails, Duplicate systems are
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designed to prevent bottlenecks in the operation of the systems. The single

L
point fajlure caused the false heat shield signal in Glemn’s fljght, After
the mission was guctessfully completed, we conducted an interse design re-
view tc see if there were any more of these single points in the spacecraft —

that needed redundancy of design for safe operstion, We found msny areas
where the failure of one component could trigger a whole series of unfavor-
able reactions. This type of problem had been brought about by the desig:
philosophy originally conceived because of the iack of knowledge of mua's
capability in a2 space enviroraent,

The Mercury program tcught s not te stack the components on top of
each other, it forces limited access, and the failure of one compcnent
curing checkout makes it necossary to pull out other functioning sysrems
to veplace the malfunctioning part, For inscance, in the MA-6 fl.ght the
short life carbon diozide absorber in the environmental control syatem had
to be replaced since caecks at tock longes than had heen planned. This re- .
placenent required eight major equipment removals and four revalidations of
unrelated subsystems for ¢ teotal éelay of 12 hours, All of tuese problems of
cours? resulted frem weight and space constraints brought ebout by payload
limitations.

For the Gewini and Apollo spacecra’t, the equiprent will be modular and
replaceable, allowing the subatitution of alternate parts without tearing
out whole subsystems,

We depend quite a bit on the automatic systems for retresequence but
man has proven that he can and does play an important roic in the reentry
process., The only manned rlight in which the automatic system for reentry

was used completely was at the end of Walter Schirra's six orbits, Im all
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other tiights, the astronaut took over and performed at least one part of
the reeatyy manusily because ¢f some malfunction which had occurred during
the flight,

As we move intc the Gemini and Apollo programs, a waneuvering capabili-y

hss been built into the spacacraft to allow changes in fiight path both while

1n orbit and duiing recnt:y inte the atmosphere,

The AV or translation engines provided will allow mcdifications to the
orbit for rendezvous with other vehicles .n ornit, Also, by ur.. of an offzet
center of gruvity, the spacecrafts will have an L/D capasabiliry not provided
in the Mercury vehicle, This will allow the onboard cimputers to select a
psrticular lending point at any time during the flight and after retrofire
ot atmospheric reentry “he vehicle can be maneuvered within a given inotprint
to reach this desired landing area. The astronauts will provide the necessary
back-up to these complex systcms and can at any tise assume manual control of
the system so that a proper and saie landing can be assured,

Cur experieace with the Mercury network changed our thinking about the
operation of this worldwide tracking system for manned flights., In the ini-
tial design of the netwcrk, we did 1ot have voice ccommunication to all the EL
remote sites,

But we soon found ther in order to estabiish our real time requirement
for evaluating unvsual situations. we needed th2 voice link. When we started
the progran, tne deiermination of the orbital ephemeris was a process that
could take several orbits to establish, We could not tolerate such a coundition
in a munmed flight éo we set up a worldwide network which would maintzin con-
tact with the astronaut approximately 40 minutes out of every hour, But

continuous voice contact with the astronaut has proven unnecegsary and in many



¥

N - _ 7 A e PTG e

XXIv-9-

cases uncesirable, While we retain the capabil)ity to contact an astronaut
quickly, we have tried to reduze the frequercy of communications with the
spacecruft,

In desiguing and modifying a spacecraft, it is also possible to learn
something more than tangible changen or hardward design, We learned about
the reliahility requirement and the very important need to check details
carefully, It is a requirenient that cannot be designed invo a system on
the drawing board, It actua'ly consists in developing a conscientious con-
tractor team that will taka care to follows procedures and deliver a veliahle
product, Then it takes a careful recheck by the government team to insure
that reiichility has actually been built into the product, The smallest
mistake in & man rated system can bring :otally unexpecied resuits. The
unexpected is the rule in the unknown, u+d 17 man {s going to live in the
region beyond our atmesphere, he is goirg to 1ive under rules or not at all.
We have been aware of these new rules from the start of the zateilite program,
but they have ~.! been brought 5 our attention so vividly. as they have in the
manned £light proygram.

If an uwwmanned sate.lite malfunctions we cannot gec it back for ea-
amination, We can oriy speculate on the ~zuses and try to redesign it to
eliminate the source of the supposed trouble, 1t is necessarily g slow
process of eiimination, Here again, if a manned <2rzft umairunctions, il can
be returaned to the ground 5y the proper action of the pilot, Then the why
of the malfunction is revealed as wcll as the what, We knew what had fziled
in Cordon Cooper's flight, but we did not know why the sy.tem had failed until

we got the spacecraft back for investigations anc tests, Xnowing why something

occurred witl give us the tools to improve spac.ecrait of the future,
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AEROMEDICAL EXPERIMENTS

While we can redesign the equipmen® .o accomplish the mission. we can-iot
redesign the man who must perform in space. Acromedical experiments for ew
knowledgs abouti space must simply answer one question, Can man adapt to an
environment wvhict violatec most of the laws under which his tody normally

operates? The answer £ the guection at the end of the Miriury program seems
~ <

tc pe an vaqualified yes, at least for e >riod ol one to two days.

(S

he crushing acceleration of lauanch wvas the first concerns, We knew he
would be pressed into niis couch by a foree equa”™ to many times the weight of
his body, It was 1ot definitely known whether he would be able tc perforu
any piloting functions under these high "g'" forces, The centrifuge program
was started and the astrorauts tested under this streszs pruvad that man was
not a<¢ fragile or helpless as we might have supposed., In add.:ion to bdeirg
able to withstand heavy acceleration, a method wvas developed of straining
against the force and performing pilct contro! maneuvers,

Weightlessness was a real aseromedical unknown and it was something that
the astronauts could not reaily encounter on the grouna., The ability to eat
and drink without gravity was one serious question we had tc¢ answer, 1In the
weightless condition, once the food is placed in the mouth, normul digesiive
processes take over without being affected by the lack of gravity.

The next problem was the effect of weightlessness on the cardiovascular
system, that & the heart and blood vessel system throughcut the body. All
types of reactions were possible in theorv. 1In actual flight, a small and
temporary amount of pooling of blocd in the veins of the legs has orcurred,
but 1t {8 not sericus nor does it appear to affect the performance of the

pilov, For all pilets weighilensness has been a pleasant experience. All

N




M A 7 54‘ I »ﬁh

X{IVa11-

ie scnses such as sight and heariag perfona nommaliy during space fligh:,
Thare has been re hallucination, no blackout or any ot’ er medical phernomena
which wight hazve on etfect on man in space. We even experimented with drife-
ir, flighe and whether che astronaut muld become disoriented when he could

not distinguish up from down or have the horizon of the .arth for a reference,
But each time the answer seemed to be Lhat man could adapt as long as his basic
rneeds for brezthing oxygen and pressv : were supplied,

Perhans the greatest contributions to the piocgram have come in tte area
5f develeopment of acromedical equipment, Blood presuure measuring systems
were developed that would automaticsliy take readings and transmit them by
telemecry to che ground, The biosensors were Gecigned to pick up other in-
formation such as pulse i1ate and respiration rate. There were numerous emall
changes that were mede tc the~e systems to increase the accuracy of the data
that we got back from the man in space., The in-flight studies of the pilot's
reaction are probably the most complete medical records we have tried tc keep
on an individual, Their value has been to demonstrate that man functions
normally in the space environment,

Related to the aeromedical studies in the envirommenta?! =oquw pm-uc that
provides life support for the astronaut, We started with the ba.ic Navy
pressure suit fo. aircraft flying and modified it for performance in the
spacecrait, We found it was desiravlic fo eliminate as meny pressure points
as possible and have tailored the suics on au individual basis for each astro-
naut. There arc rwo areas in 1ife suppurt which presented new prudlems to be

overcome, First, there was the rroblem ~£ cirrulatior 2{ air, Jn the abscnce

of gravity, the normul rules of air circulation are cancelled, and the carbon
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dicxide breathe., out by the ast-onaut would suffocate him, The air in the
cabin would alse have to bz frrced through the air conditicning syvstem to
keep the cabin area from overheating.

Secondly, there is the probiem of the air supply itaself and its possit’e

effect on the spacecraft pilot. For conserving weight, a single gas system
was desirabie. il il was not koown if breathing pure oxygen over long periods
of time ccuvld have harwful effects, The Mercury flighte and othker research

' in a pure oxygen environment have proven that no injury to the body's system

ko5 besca produced by using u one gas system,

ECIEVIIPIC EXPERIHENTS

¥Man's role as # scisatific observer and experimenter ip spsze was another
urknowe in the progranm, Fuch of it was based on the ability of man te exist
in space. 1Ir had ro first be determined that he would bé able to function
! ' . normally and then the scientific benefits cf the program could be explored.
Myn as an obcerver has proven his ability from the first orbital flight. The
Lrightness, coloring, and height of the air glow layoxs waz established, It
vas something a camera could not :ecord nor wousld ar unmanned satellite per-
form this mission. Man in space hes the ability to observe the unknown and
to try to define it by experiment, The particies discovered at sunrise by
John Glern were determined to be ccoming from the spacecraft by Scott Carpenter,
and this analysis was corflrmed dy Schirra and Cooper.
We car send unmanned rastrumented vehicles into space which con leamn
much about the space enironment and the make up of the planets, However,
the vae of man o afd in making the acientific sbservations will be invaluable.

The old pridlem of what and how tc instrument for the unknown can benofit

- B GRS o 2
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greatly from man's capability to pick and choose the time and iLypes of
experiments to be performei, W. have learned much from the Mercury pro-
g-am through this quality of chnice and we will continue to learn if man
tcatinues to be an incorta-t part of the cystem,

If we have learned more asbout space itself, we have alsv learned about

.3

man’s capabiiities in space, Many experiments h .ve beca conducted which have
yielded valuable informa.ion fcr future programs,.

Aside from the aeromedizal experiments, mar has been able to distinguish
color in space, to spot objects at varyiag disrances from the spscecraft, to
observe high intensity lights on the ground, and to track objects near him,
These observations prcvide valuable information in determining the feasibhility
of the rendazvous and npavigation in Semini and Apollo,

Pictures teken with infrared filters have aided the Wesather Buresu in
determining the type of comeras tou use in their weather ;a:elliteso Special

pictures hive also been taken for scientific studies such as geologicel for-

wations, zodiacal light, and vefraction of light threugh the atmosphere,

CONCLUSION

The manned space flight program has changed quite a few concepts about
space, added greatly to wur Qnowledye of the universe around us, and demon-
strated that man has a proper role in exploring it., There are many ucknowns
that lie ahead. *ui we cre reassured because we are confiden; in overcoming
them by using men‘s capabilities to the fullest,

When we started the manned space program five years age, there was a graat
deal of doubt sbout man's usefulness in space, We have now come to & point

which is exactly one iunired eighty degrees around the ciicie from that opinion.
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We now depend on man in the loop to back up the avtomaiic systems rather than
using autctmatic systems alone to insure thit the mission is asccomplishec.

We dc uot want to ignore the automatic aspects of space flight altogether.,
There musgt be s carefu! biending of man and machine ip future spacecraft which
provides the Jormula for furthei success, By experience, we rave arrived at

Lo oo shtmi 4
wiiar WCE Taing 18 2

proper mixture 5f that formula, Mar is the deciding element,
but wz cannot ignore the usefulness of the automatic systems., As long as man
5 able to alter the Jecision of the machine, we will have a spacecraft that

can perform under any known condition, and rhat cen prnbe into the unknown for

new krowledge,
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THE MANNED ORBITAL LABCRATOLY
by
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Joseph F, Shea and Michasl I. Yarymwovych

National Aeronauticse and Space Auwinirtration

ABSTRACT f'
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The uses and the various possible desiyn concepts of a Manned Orbital Laboratory
(KOL) .re discus.sed, The primary use of s MOL is the invcstigation of man's behavior
and capabilities during prolonged space flight, leading to the decisior whether arti-
ficial gravity is necessary in future advanced manned space vehicles, Secondary uses
include levelaopment testing of numerous subsystems as well as conducting & number of
scientific experiments. The deeign concepts reviewed range from the minimum MCL, which
is a modification of the Apollo spacerraft to accommodate two men for periods of 100
days, through the small MOL, which 1s a Saturp I or 1B launched labcratory subse-
guently supplied with a 4- ty S5-man crew, by means of a ferry vehicle, to iha large
MOL, which is an advanced type Saturn V launched laboratory, operating with a 12- to
24-man crew, In ccnjuncéion with the laboratory concepts the logisticas systems, like
modifications of Gemini, Apollo or advanced new ballistic and lifting body ve-entry

o Awller

systems are reviewed as well,

Dr, Joseph F, Shea is Deputy Director of Manned Space Flight (Systems), NASA
Headquarters, Washington, D, C,

Dr, Michsael I, Yarymovych is Assisgtant Director fnr Manned Satellite Studies,
Office of Manned Space Flight, NASA Headquarters, Washington, D, C,
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I. INTRODUCTION

With the completion of the Mercury program and the strong efforts ca Gem!a.
and Apollc chis naticn is well on its way toward the developmeat of an estabiistad
manned space £lighr capabitity. Tt is difficult to imagiloe future technice’ zrowth
without an ever-increasing use of space by man, extending to man's explorst . . of

the plavets. In order tc achicve this expanded manned svace flight capabriiiy maoy

ity

of the building blocks thet make it up have to be developed to a hipd degrec o1 per-

0y

%

AR -\

fection ard tested under exact environaental cenditiorns. Cune of those building plocks
in need of testing is, of course, man himself, Therefore, i{ is reasonahle to assume
that for the purpose of laying a broad foundation for advanced mouned spacc fiighr

a marned space laporatory may bc necessary,

The Manned Orhital Laborarory {MOL) may be, for many years tc come, a b. ‘¢ re-
search tool in space, It would be utilized at first to answer t.e basic . estion of
whether man can live and operate successfully in space for long pericds of rime, While
this blomedical experiment would be going on, other engineerin, and scicatific re-
scarch tasks which require the true space envircnment and’cr the attention of & uuman
operator might be carried out on board the statisn, ZLventuaily, the MCL way dsrilop
into an operetional space station funcitoning, for insraases, ar sn orpital iaunch

facility, a meteorological observatory or a space mginvunsiCe and rescue center,

II. APPLICATIONS

In order to determine the immediete vequiremenis for an carly leh. catory, the

various potential experimertal uces must be evaluated, Thirx evaluation will pruvide

5 basis for establishrent of the configuration of a MOL, Is a winimai Apollo-type
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MOL cuificient for the performaace of a siguificant bLiomedical experiment? Or per-
fiers, the beucfite of a ©rulv muici-porpose MOL are so overvhelwing in the lorg run
that cone should ngt expend unnececsarcy time aaa effort in going through the iLter-
medinte ~.eps of building small space stations but, rather, orocesd immediately wiih
cthe duvelerment ol a large laboratory in space,

P
VHLIOUS

5]

overmnment agencizs and many industrial contractors ligve studied tne
poteniinl uses of space stations for & number of years, These appl’ cations have been
collected, analvzsd ond rated and are being continuvally reev-luated in terms of tech-
nical feasibility and ultimate value¢ for the overall national space flight program.

Oaly ths sore important categories are discussed here,

A, BIOMEXITAL APPLICATIONS

The must pressing mlssion requirement, and therefore the predomirant purpose of

the early MOL, will be the study of man's physiological and psychological response to

=7

the space environment und the determination of a man capability for performing useful
missions in space ove, ext.nded periods of time, Of ultimate interest are manned
planetary missious wnich typically requir< one-year £light times, The validaticn of
mar. 5 active role in space cannot be accomplisbed oy simulation on earth because of
one particular factor peculiar to space, This factor is "weightlessness,"” Tn order
to fully understand this pneuomenor and to make a valii dwcision as to how best to
countergct the long-term effects of the space environment on man, all effects on man,
during und after a prolonged stay-time in a weightless environment followed by a
high deceler:tion rc-entry, have to be clossly evaluated and comparcd with earth-
based simuietion studies,

The firal evaluation of all biome’ical parameters will lead to one of the key

decisions in the future manned space “light program, It will answer the question

o e . mg
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whether or not an artificial gravity f{ield i4 required in wan's life support
environment or, in wore operational terms, whether future manne? space stations
and spacecraft for extended missions (such 4s Mars and Venus exploration) must be

; rotated,

Ao
LTS,

The biomedical studies will bte especially concerne? with the following a

The maintenance of an adequate cardiac outpac, wich properly oxygenated

! blcod to supply all areas of the body, i~ vitally important sinz.. this is the

1%

s mechanical tiansport system for the c¢2lilular nutritional necds and wacte pro-
duct removal, The existing w.owliedz- of the rule of the gravitational force
field, or its ahsence, un circulatory dynamics is limited, What is known, how-
ever, points to the fact that cardiovascular dynamics will be altered significan-
tly to the extent of causing symptoms wnich will interfere with adequate lcco-
motive functions, with possible unconsciousness, upon raturn to a force field
after a prolongeu pericd of weightlessness,

: 2, HMucritional Functions

The rolce of a gravity “ield in the dynamics of food absorption, transport
and utilization over prolonged perinds cf time is unknown at the present tire,

. 3. Musculo-Skeietal System

) The musculo~sketetal system has been subject to speculation as to the role

of gravity in maintaining muscie mass (protein metabolic balasnce), muscle function

a

! ‘ and strength, aud calcification of bones (mineral mcbilizaiion, deposition =ad
balance), It is presently unknown whether these functions are gravity-dependent

or primarily dependent upon maintenance of muscular contractions,

.
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Pulmonary Functions

Ar area of vital imrortarce iz the long-term effects of psrtial pressures ;,
of oxygen in excess cf sea level partial pressure=s, Whet kind o chanezs, if
any, are initiated oy aa atnospheric cowmpositicsr dfssimilar to earth’s” How So
these possille rnanges affe:t such pulimensvy runctions as ventilation, che
mecnanics of breathing and, more importantly, pulmornzry ventilaticn~perfusion
ratics during weightlessness? ‘'"ne definiiios and cstimation of the significance .
of these questions ae yet to be determined, BSowme of these could b dup’icated

here on earth, but irteraction of all multiple fac:ors cannce be pragicted,

Biochemicai System

Any endeavoyr which produces stress in excess o m.asurved 2xporience may
Zaiuzse havoc to the endocrine orgaus, Relears: of excessive amounts of hormones s
and enzymes, evan to depletion, has buzen known to occur on earth, Much needs to
be accomplished in understanding the significance of these fluctustions as they
relate to the long-term funcrional usefuiness of the incividual and his welle
being after return from the missioa,

Psychiatric aad Psycnoloegieal Furcticns

Little is known in the ares of psychiatric and psychological veriations
induced by small closed sccieties, isclation and a_tificial envirouments, and
what is known cannot vet be adequately correlated, Much work must be done so
that some adequa*e measure of assurance car be had that long-term space missions
will not pose undue probl:ms in this urea,

Vegtibular System

This area is related uniquely to artificial grevity produced by rotation
dud Lo woncerned with the study of thie effects of Coriolis and angular accelerat-

ion giadients on vestibular functions, Qui:stions which must be answered relate

N
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to the degree of iunterference with functicn, hsbituation aund -%t5 of changing
¥ ' magnitude cf Corisiis and angula. velocit, as a funr’ _u» of space statior .on- !
—_— figurations .
A bYionredical facility in space wiil re ..e flexihi.ity so that any eventuality ‘
' can be edequaiely measured and evalr .., This cails for a high degree of bio- _—
i medical sophistication. © .- cuietication reccmmends serious corsideratian of the
. e - wz pioperiy tiained medical personnel for flight missions, ‘_
= The.l =2re three successive objectives in the bicmedical experiment:z:
1. Detevrmine whether man can cperate successrully under weightlee ness for long ‘
periods ot time (of the oxrder of one year) and subsequently survive in good con-
dition the environment of re-entry and normal gravity conditions thereafter, k
\ 2, 1f there are iudicsatio..s of difficulty in the weightless state, detesmire whether
onboard recenditicning measires, like g double-ended trempoline, a low asccel-
; eration cenivifige or rhie nee 5f piessure cuffe or drugs, will make the subject h
K ‘ fit for operaiing successfully under prolonged weightlessn=zss, followed by re-
entry,
: 3. If there are conclucivy indications that reconditioning measures are insufficient,
' determine the best : eans of providing srtificial gravity end develop technigu=s
) for cvew ~narations ir the sinu.ated gravity field,
. ) Two eppioaches are possible for achieving the first bicmedicsi study objective.
One is ¢o expagse subjecis to ever-increasing periods of weightlessness followed by
. re-entry tc earth, This epproech may be costly in terms of the number of required
- flights, The second approach is to simulate re-enfry conditions by means o an on-
braxd high speed centrlfuge; however, mnre centrifuge research is still- required to
dese:mine whether thia type of simulation 1is sufficient and without disturbiug
?
; ) secondary effects,
]
-
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The Manned Orbital Laboratery must bLe lesigned *‘n such a way ihat, if the re-

sults of the first biomedical study objective are aegative, thz second and third

objectives can be carried out without major modifications of the program.

B. ENGINEFRING RESEARCH AND DEVELOPMENT

While the first ranned o:bital lgboratcries should be considere?® . 3tepping

stone tuward ex:cnded earth nvhit opersiions within the frume of the overall National

Space Flight Program in determiring man's capability to work and live in space, the

ultimate goa® of a MOL wgy be to provide & logical foundaiicr: to wanned interplanatary

. space flight, The complex space vehicles employed in plene’ ary missions may te

assembled, serviced, checked out and lavrciied through the zc’ {ve participation of an

orbital launch crew worsking frew or nsar an orbital launch facility. A manned space

station servinz as an orbital law:ch facilicy may incr-ase the overall probability of

success for suca rissions, Orbital launching, on the other hand, requires the solution

of & variety of complex engineering d<velupment tasks such as assembly in space, check-

out. lsunch procedures, fuel transfer, maintsnance, repair, general operations and

logistics, =tc,, and only «fter these prchblems have oeen stud'ed in deteil will one be

able to mssess the usefulness of an orvpi=il launch facility,

Manned ovbiral laboratories, flying during earlier time pericds, have the potential

of providing uselul fscilities for developing anu Gualifying the various systems,

structures, materails and operationat technigues that wiil be reguired both for ar

orbital launch fa:ility and for other future manned and urnmauauwc space migsions,

systems and materials under development will reguire long-duration exposure to the space

env-.ronment, Many paramet2rs of this environment may be simulated in earth-based fa-

cilities; however, in many cases large voleme and hard vac..um requirements favor space

station testing. Furthermore, ground-based tests obviousiy cannot provide the con-

2itions of weightlesgness or partial gravi:y for extended peiicdis of time,

One should

Future

X,
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bear in mind, hovever, that only tecis which cannot be effeccively carr’.d cut
on the ground »hoild be assigied to the MOL,

Mgn's presence is nelpful ip the teeting aid qualificativi. =. s> *Zems in the
¢pace eavironment . The instrumentation vequired to monitor all the fuactions in
a system to identify the cause and result c¢f the meny possible experimental re-
cponses and wnes of rajlure would be nighly complex and rassive, Man cculd help
for tne follcwirg reasons:

i, He can calibrate and =’igr egu.oment required for an expeoriment,

Z, He can monitor sxperimenis,

2, He can ugse Lis judgmentto alter an enperiment in progress to m2e: new objec.ives,

%. He can ropa'r «quinagrt whose failure could result in the premature “ermination
of an experiment or at least seriounly aifect the —alidity of the results,

In the following discusgion sume ¢t the more significart potential experimental
grouge for manned orbital laboratoriss will be icentified to show the level of
necessary 2ffort in the area of engineering resenrch and development,

«. Lrew Systems

The performance and reliabsiiiy aspects of acvanced environmental control systems
to provide cocling, heating, pressurizaﬁion, etc,, for furure spacecraft configurations
coula be evalucted, Particular tests would vield data on the effrctiveness of leak-
age detection systems to pinp.int ficrometeoroid penetration and f-ilure in ticvmetic
seals, This, in turn, would 2Jad to an assessmen! of sealir:z techniques to cerrect
these penetrations and failures, The study of advanced life support systems and
crew eguipuent unaer space conditiong would yield valuable information to sunport

ra on long-iacie .pace missjona, Emplasis shouid te dire:ted to such areas as:
a, <Closea-icop algae systems

t. Msgnetic radistion shielding
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¢, Regenerative water supply systems,

d, Waste disposal,
e, Food steorage and preparation,
f, Personnel restraining eauipment, S

2, ZCiscirical and Electrealc Systems

The performaance and/or endurance capability of var.ous solar apd chemica® power

scncration systems operating in space envirommeat cou’d be evaluated, Systems unuer
test may also provide useful pow.r for bonus experimimts aza sevrve as backup power 4

systems, Various itoms cf communication equipment; such as very high freguimcy de-

vices, may be tested to develop improved space communications in terms of advianced .

]
rh
4]
0

componenis, optimun handwidths,; transmission power, receiver sensitivity,
reliability, etc, The gerfismance characteristics of leng lifetime acdvanced navigatlon
and contrpl systems may be studied and new guidance techniques evaluated,

3, £rcpulsion Systems

The effects of the space enviromment, especiaily weightlcseness and long-time
space exposure on ignition devices, restart capability, fuel sloshing, vortexing ;ﬁd
expulsron could be determined, Various types of propellant actuation devices could
be exposcd to the space envirooment for ex :mded pericds of time and then actuated
and analyzed, Tests vi-id 5& conducted on various fusls and oxidizers in different
propéllant tank configurations and with various insulation techniques and materials.

Electric propulsion systems could be proof tested under true space conditions, and the

behavior of rocket exhauat plumss could be studied,

~, Structires and Materials

Manuy simultaneocus effects oI the spacc envivonment such as meteoroids, vacuum,
radiation and temperature cycling on various characceristics of materials and -

structures are difficult to be meaningfully reproduced in ground tests, This lack
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of information introduces uncertainties in spacecraft design that mey be serious
enough to impair futu:e space miss’ons or require over-dasigned systems with un-
necessary weight penalties, Fo: instance, ablative materials coculd be exposad to
space vacuum and temperature: erxtremee for long periods of time to evaluate theiv
integrity., An effective meteoroid protection research program could be undertaken
with the aid of MOL eapevimenters who coulu help deploy large mstevroid bumper areas,
examine pe.etraticns and uiter the materiais to wi:vise ptimum protection schemes,
Therc is some recent wridence that s deep vacuum forms in the "wake" of a low alti-
tude satellite, Ihis would make the MOL suitable for deep-vacuum experimentation
on varicus materials and mechanical systems,
5., Extravebicular Operations

For extended extravghicular overations msn must be well versed in the capabilities
ad limitaticrs of individual propulsion units, extravehizular scits and portable

Jife support systems, The MOL would provide a test bed to train personnel for future

lunat and pianetary missicns,

6, Developmental Flight Testing

Also of iwportance .s tlight ieszing of large unmanned satellites and space yprobes
or qualification testing ~f advanced manned satellites., Present satellite programs
reyuire a costly and timeconsuming development flight test program necessary to ob-
tain relisble €light hardware, This is mafniy due to the fact that wz nave not yet
learned to btuild adequate grouna sinmulators, and, thus, testing of final satellice
configuraticns on the ground does a~i allow an isola®ion of all design deficiencies,
No effcrt should be spared to ingrove ground teriing, but if that groves still in-
adequate, then one could uge the ¥MUL as a development flight test f=acility, By
orbiting the test article as a "tag-along" uear the MOL, thus allowing visual obser-
vation and £ shoii command and teiemetyy link, diagnosis and repair of satellite

malfunctisns would be possible through extravehicular operations of the MOL crew,

“y T- AT K e e
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C. STCIUNTIFIC RESEARCH

While the Manned Orbital Laberatory performs tne biomedical experiments and
the engineering resezrch ond development tasks, some of its facilities may be
allccated to perform scientific research, It should be poiunted nut that some
scientific experinents, given high priority toduy, may be relegated tc a lesser
rating or even disregarded by the time the space stsation becomes opera~ional, This
will be the case when unmanned satellites and space probtes have gatherad enough
significant information in a rarticular prcblem area during the intervening time
€&n cxperiment ¢o~ception and experiment initiation on the space station,

1, Astronomy

An orbiting space station could provide an astronomical obser&a?ory itnat would
greatly increase .lie angular resolution and extend the wave length raage that =
possible in earth-bssec observatceries, However, sume experiments on an orbiting
ouservatory might require poiuting accuracies 25 stringent as 0,1 second of arc
with photographic exposu:es for as long as one hour or more, Such stability may

be d_fficult to achieve, particularly because of maa's disturbing presence,

A poesiblie sciulion ~ign~ bz an unmanned astronomical platform ir close proximity

t- the space stgiion with a radio command and o opticsal data link between the plat-

form and che MOL

There exists a large range of astrcnoamicsl observations that mav be made from an

orbiting observatory, The more significant of these may be classified under the
foliowing headings:
a, Ultreviolet, visible and infrared studies of the planets, the solar 4i.k, the

sola. corcna, galaxies, nebulosities 2z intersteliar gases,
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Ultraviolet, v.sible and infrared studies at very high resoluti n of stellar
systems and a cearch for planets of nearby stat;,

Gamma and X-ray telescopy,

Radio telescopy.

Oaly a few basic instruments wouid be required to dn all the studies listed above

if man were present to make changes ir systems and proprams, change attachments to

the basic imnstruwents, aiign aud calil

2,

iife in a aumber of ways, Lt could serve to collect and to analyze the upper terres-

Biology

A Marned Orhital Lasoratory could contribute to the search for extraterrestrial

trizi atmorr' ere for microorganisms, including such organismz possible in micro-

meteoroids. In addition, a space stetiz,, could provide = biolcgical laboratory for

the preliminary analysis cof extraterrestrial =~imples to deteruire if they display

a contaminating danger before they are se~ to euarth for a complete analysis, And

finally, a MOL provides an opportunity r ubtillziny the unique aspects ol the space

environment to ajalyze tke general rai. onship “hat exists between an orgaaism and

its environment, Studiee would be concern.st wiil, -~ ‘nmental effects on photo-

synthesis, biolcgical rhythms, metabolism, aad grewtri, and develcpiment of organisms

as follows:

a,

b,

Ca

.

Study of various physiological systems in bigh aiimals,
Study of embryology,

Growth of organisms,

Piant pnysiology.

Most of the required equipment to perform the above studies would be commen to

that required for bilomediral aoplications, and sharing of equipment would stamp most

of these studies as bonus experiments,
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3, Physics aad Chemistry

Very rew experiments suggested for Manned Orbital Laborastories in the area of
physins and chemistry ave actually basiec in their nature. The wajority ot cxper-
iments ot concern to the clemist aand physicist are alsc ¢i major concern to the
space stavion Ge3igner, 1u8sible excepiions are vasic riudies like chemical re-
action kinetics, surface tension effects, hest traasfer phenomena, liquid-gas
seéparation studies under zero gravity and partial gravity conditions,

4. Space Environment

It is anticipated that unmanaed satellites and space prohes will have contributed
significantly to the investigation of ma)y present preoblems in the space environment
area by the time space stations become operational., Maay investigations, however,
may require the presence of man before the problems can te compietely resélved.
Also, it is possible that a number of ezperiments that could be individually con-
ducted on advanced unmanned satellites would be collectively justified for a manred
space ststicn, Experiments in this category include studies of magunetic fields,

redistion, meteornids and wave propagation phencmena,

________ H

IXI, MANNED ORBITAL LABORATORY DESIGN CONSTRAINTS

A, ARTIFICIAL GRAVITY

The Manned Orbital Laboratory, like any other space vehicle, must be designed
within a larye number of desipn constraints, and the design must be optimized for
its purpose, Particularly since the MOL is intended to be a space laboratéry in the
full sense of the word the designer hes to consider first the adaptability of eny
concept to the requirements posed by the experimertal spplications,

Several surveys of the potential engineering and scientific uses of an orbiting

laboratory show that about half of all experiments requive zero gravity, vhile almost
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all the rest are independent ¢ the gravity field, Relatively few applications
call f~. artific al gravity, That requirement may arise primurily from man him-
gelf, For man, the lack of g. .vity forces may cause physiclogical nrobleme -3

-
vary

ing degiees of pluysical inconvenience, It earlier programs like Gewini or
Apollo do not already indicate & clear need for urtificial gravity, it will be
desirable te provide the MOL design with sufficient flexibility such that it will
be applicabie ivr futuie cperationsl use, cegardlese of the outcome of the "zero
gravity decisiern,” This, then, calls for a "zero gravity'" MOL which can behlater
converted to a totating station if recessary.

Artificial gravity overcomes the Jisadvantages cf weightlessness and brings
the astronaut and all equipment closer *to an earth environment,6 hut the rotaticn
necessary to produce artificial gravi.y, unfortunately, introuuces certain operction-
al and physiological prcblems with respect to the cre.s and th. systems installed ia
such a station, Alcc, i.. the aria of the on-board installed systems, rotational
factors inSluence the design o. such components as antennas, docking devices, crew
and cargo transfer, guidance systems, and vicwainhig «iic earfth or certain designated
portions of the sky. Thes> rotational consideraticns are not overriding iiabiiities
but rather must be treatza with considersition and ingenuity in the conception snd
design of systems and their instaligrionna,

The rotation of the station introduces various forces; the primary onr, which is
the Curiolis effect on individuals, presents an additicnal factor to the eavi-onment
to which man is not ordinarily exposed, This requires that mea either adapt to this
additional factor or that certain tvpes of provisions be made tv facilituate his
activities in the space station, Man has a rati.er narrow tolerance zone in terms of

rotational parameters such as radius and rate of rotation, The interrelations be-

tween thne rotational parameters are illustraced in Figure 1, which shows the present
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numar factor d2sign envelope for man, The tolerance limite which define this
envelope have been established by many uspecialisis cn huvman fettors, vut are based
cnly on ¢ bare minimum of experimental evidence conducted vnder a different en-
vironment from that which exists in « rotatiug space wenicle, The limits tuat
encompass this envelope are the upper limit on (he gravity level, the upper limit
on angular velocity aud a lower limit on rvim speed, The upper limit for gravity

leve. was selecred as 1 g; the upper limit on angulair veloci

ty was cet at 4 rpm,
above this, based on centriiuge experience, vestibular disturbances mav appear when
the head is turned rapidly about s~ axis perpendicular to ine axis cf rotatioun of
the station; the lower limit on rim apeed was chusen at 20 ft/sec below which a 50
percent change in zpparent gravity occurs wiaen 2 orew man walks at a nominal rate
(4 ft/zec) in a tangential divection rather than standing still -~ nsychologicaliy
a ratner g..“ovbing situation (Refevence 1), 4nother limit, although nct defining
this envelope, is the miniow vadiss where the gravity gradient from head to faur 1s
not great enough to disturb the crew, That gradient should not exceed L5 percent,
which indicates a minimum radius of 40 {t,

All these artificial gravity considerations indicate thar it is ne.essary Lo
consider fairly large radii of rotation, say in the vicinity of 75 it, This in turn

challenges the designers' ingenuity in packaging the station within the bouads of

launch vehicle payload envelopes.,

B, DYNAMICS AN STABILITY

The additional benefits of sterion rotation for the purpose of creating a,vificial

gravity are that, if the axic of rotation is the principal axis of marximar moment of

inertia, the station will tend tc be gpin stabilized, 7To provide mass udistribution

such that the stability requirement is satisfied the configuraticis vend toward those
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of spinning discs, {lywheels or long cylindric:! secticis {F{

R4

Tn spite: of inherent stability, however, there are problems associated with
the dynamics of spinning “odies. These cr.ginate from the "wobbli.g"” motions and
elastic oscillations produced by imposed d.sturbances such as mass shifts created
by crew motions and cargo shifts and external torques resulting from docking im-
pacts. Undanped wobblirg motions produced by such disturbances wonld subject the
crew to osuilliatory motions which. counled with station rotation, could cause nausea

and disorientation, For instance, an instantaneo:s motion of a man in a direction

parallel to the stationk epin axis will make the axis wove between two limiting

curves defined by the staticn :-nertia and angular velocities (Figure 3)., The re-
sultiuyg wotble will appea. to the cvew like the rrlling of a sbip.r in additricn, the
elastic response can further complicate this problem by producing excessive cyclic
loadings and by interfering with the otation control. Therefore, the small 1 the
emplitude of this metion the more inherent stability a configuration possesses,

The maximum wobble angle created by an instantaneous mass shift is calculatred

from the relationship (Reference 2),

where v is equal to twice the princinail axis shift measured frum the original pos.iimn,
I is the precduct of inertia nreated by & mass shift in the xz plane ’Ixz = 0 for

no wokble), and lY snd Iz are the moments of inertia of .he station about their
respactive axes, For inrtance. 1a an undemped system a typical 30-foct startion
would have a l3-degree maximum woblle angle and an spparent i1oiling of from O to 5
degrees for an instantanecvs motion of a 2rew man in A transverse directiocn

. 2 .z
(zxzdgﬂuooo glug €t7), In the casc vf a 15U0-foot station the situatlon is con-

siderably improved, where the corresponding maximum wooble angli. is | degrec.
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Considerable amount of werk has been Zore on the develoowent of efficiint
stabilization and attitad¢ controi systems for sjai« statinne, Feo instance . cne
can consider a combinaticn cf a wobble dampwryanj ¢ pulrne-jet daiping and «:-en- ‘o,
tation gystem (Refevenc. 2), They cowplement eich o.her i . eliminating wconling
moticns and aligeipg che station's spin ax.s i t2 desired dircetion, Snzi a
wobble cumper may co.gsist o’ a spinning flyvtoer whiclh cen be precrssed tc provide
reacticn monents that oppose the dietutvancs turues,

Tue level of stability to b. provid:d iz » aubject of op.imization, Relative
compari .or, and trale-offs ussociaced wict che stabilicy levele are to be mnade,
cousisering. for instmnes, the mmount of pr-Palaion wir.ch meets khese stahility
Teveis, system complenity, reliability aussociaced witl the stability level, and
experimencal ond cr.w tclerance requirements, For exmwple, {t appears o bf mur
more plausible t) instull astrancmica’. 2quivmeat either in the immediate adjacent
vicinity . £ the s»yice station or on an internal independent stabilized platform
because o! the precise stabilitytoleraace .evzis required. —

Abour Z5 percomi: of the propuscd experiments require pointing accuracies to
less than 1 degree, while abuut 40 percen. rcoguire pointing to an accurcacy of be-
tween 1 to 10 degrees., “hus cne can assume that a suitable station would have a
control system capahls of maintaining the attitude below 10 degrees, while the
precise reguivements of less -than 1 degree wouid be provided by separately stabi-
lized platforms,

A mass control system might also be integrated into the overall stability system
of a rotating space station., As a logistic aspacecraft docks with the space staticn
an? preceeds to transfer crew and carge to the space station, large amounts of mass
are moved inte the various areas of the space station, thus upseiting the stability L

of the station, It may bte necessary to install a mass control eystem that would
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transier iiqu.ds (water, irine, waste prc.ucis or fuels) to various locatrions in
the station to c(vercome these disturbing ms.s transitions, .ais -muld assist in

minimi:ing the ponalties associated with basic stability and contrul systems,

C. SUBSYSTEM CONSIDERATIONS

The space station has a number of types of systems installed onooard to meec
the various requirements for overall spac~ scation operations and activities, These
include the ervircnmental cvon.rol and life support system, power generation and
eneryy storage system, cormunications syatem, ountoavd instrumentation system, and i’
varisus types of mechanical systems, The tzchnolugy to achieve the concept, develop-
ment and instaliation of these types ci systems is curreatly available and in its
application appears to he, in gereral, legs dewandiug aud stringent than that curcent-
i1y being applied to the Apollc lunar-landing program, Nevertheless, in the design of —
such systems, ingenuity is vequiced to achieve the optimization and etficienty
nece.sary for onboard service, wmaintenance, overhaul and varicus other types of
support sctivities to maintain a long operaticnal lifetime, Current spacecraft i!
systems such as those of Mercury, Gemini und Apollo are, with mincr exceptions, not
designed for onboard maintenance and service, On tiie space station, ii incflight
gervice snd maintenance are to be achieved, systems must be designed from their
prelixiiary inception with this capability as a major design objoctive,

With respect to particular systems, certein considerations must be given proper
attention, In the case of the environmental contrel system, most of the components
are now svailable, What is required i1s the optimization of thes: buildinz blocks
within e station in terms of the orygen supplies, fan wotive power tn circulate

imvironment atmosphere, i:cat exchange methods to provide the heating and cool-

ing as required, 002 absorption and regeneration devices, water separation tech-

niques, water storafs and weste management
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One srea which requires devclopment and implementation in the space station
envisormnental conivol system {s the ultization of the CO2 absorbed from the respi-
ratory processes of the crew vhich can be collected and breoken down into either water
cr oxygean ‘or 1rther use., This is a partial cloeing of the loop which is a step
toward the uliinwate envirunmental control system of a completely closed ecolngical
cycle. Such typer of 3ystems would be essentially inorgunically closed to start
with, i.e,, they woild nut aitempt to process all the waste products oi =en and
regenerate these products in term; of food.

The second, and more advanced approach, is the completely closed ecolegical
system where all the waste prcducts of the (rew are collected and regenerated for
uge in providing oxygen, water and food for extended missicns, This type of closed
ecological system, although not esscntia! in the MOL, <ould be evolved and utilized
as time proceeds. Such a system could show definiZe advartsges and savings .pn the
oversll supply ard expendables requiremeats for long-ters missions such as the plane-
tary zission or a long-time lunsz base.

In the case of power generation and ernergy storage, the space station reguires
a lerge pcwer source as the besic enevgy supply for the various k.nds of activities
that take place onboard the station. 1t 's gererally estimated that zlcut 1 kw
per man is requived, Various tyres of energy systcms 2t avs‘iable, and the curreat
problem is to seiect the optimum system for the time pericd and wctivity that takes
place in the station. Currently, various types of stutic and dvniaic sclar power

systems, nuclear power gystsms of the reactor and isotope type, fuel cells and

dynamic engine types are being evaluated, Zach type of ystem nas advantages in its

[*}

wn 2rea, timc periocd and cperational duratica, The problem &t the moment i8 to
establish the most optimum .ystem for a particular set of criitariz based ca the

isvnch date, the operationsi duration and the power levels necessary tc e suppiied,
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. The static solar power system technology is availeble at the present time,
The dynamic solar power systm requires intensivc development and implementation if
it is to be useful in the time period that has been suggested for the space station,
Ail solar power systems face orientation difficulties in rotating space ctations.
Similarly, nuclear and isotope power sys:tems mr-i be implementod with additional
developmz.i funding and activity if they are io be available irn the late 1260 period
fér space station vtilization., Other power systems, such as fuel cells, are current-
iy being developed for the Gemini and Apollo programs and could possibly be used
for short durations, at least in the initial portion of the space station program
if optimization criteris show that this would te desirable.
- One of the main problems associated with the solar power supply is thst of
energy storage. Inasmuch as the space station would rotate about the earth zpproxi-
mately once every 90 minutes and pass through the shadow of the earth where the
v energy generated by a ..lar power system wouid not be availatle, the space station
must rely on its eneigzy storage system. This means thtit over =
great number cf power cycles ere imposed uoon the power system in terms of power
drair and pcwer input, At the present time there are no butteries capable of with-
standing such = iarge number of cvcles for periods of time of up to 5 years, the
ultimate requirement for some of the larger stations, Other wmethods have been
surgested for encrgy storage, :s.cluding the rotating flywhee'  ohizh zlsu migm
; be used as a part cf the stanilization cuntroi system,
— Another area which reduires ingenuity and inteliigenu dosign is thar cf the
; : verious kinds of wechanicel 8ystems. Theve include the physical dcrking facilities

where the actual mating of feiry and logistics spacecraft takes ;jace after station

v rendezvous, It is necessary to develop t..e best possible dotking system to permit
& = . .
—_ - routine and automatic covduct cf this kind of operaticn as eariy as poscible to
ir
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achieve adequate, reliable operational support., Much consideration is cur'ently
heing given to thne matter of airlocks and seals at various openinge and joints,
Sealing and leakage is one o7 the most important problems currently assccisted
with the space station design, lLeaks cause the loss of expendables which sre
expensively transported from eartbh by the logistics spacecraft, Mechar.ical end
rorating seals and materigls asgociatad with these devices are among tne potential
leakage areas., Theae devices wmusi be operational and reliable for leug periods of
time in the sp.ce environment; the designer must be very selecrive ia his choice of
materials, processes, and finisnes if the long-term utilization and reliability
necesgary in the space station are to be accompliched,

In the area of the data handling and counmnicatidn systems, essentially all the
buiidirg blocks of the system sre svailable now, The main problem confronting the
system designor 1s tc optimize the systems in such a manner 4s to meet the rather

high dvmands of bandwidth, data storage and proczssla;.
D, ENVIRONMENIAL PROTICTIOT

The space station structure has to be dcosigned to provide for efficient environ-
wental protect.on against radiziion and meteoroids besides =atisfying the usual
structural demands, The metecroid protection rroblem is of great importance. Since

avyc surface areas and long exposure times are involvzi, penetrations may have te

bt

be expected. 2nd in that case internal equipment has to be arranged in such a way as

tc allow accrss to the walis for repair., On the other hand, cquipment judiciously

arranged .djacent to the wallse can provide for additional radiation protectior,
Radiation shielding requirements presently repreciur tue greatest area of

uncertainty it MOL weight estimutes Lecmus: of unccriainty in crew tolerance ond

Can?
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insufficient understanding of the radiation environment, Shielding requirements e
in the MOL are much mere stiingent than those of Mercury, Gemini and Apollo, not

only because of the much zreater exposure times but also bocause the accumulated }
dyse should be kept lov enough to avoid masking measurced physiolcgical responses S
tu weightlessness,

The radiation sources that are important to the design of radiation protection

t. The naturaliy oczuring Van Allen belts containing primarily electrouws and protons.
2, Artificially creatcd electron belts caused by high altitude nuclear tests,
3, Solar tiares,
. High energy galsctic radiation,
For low sltitude orbits that lie below a geomagnetic latitude of about 40 de-
grees, solar flares present no problem hecause of the shielding effect on the earth's
magnetic field, PFor latirudes greater than 40 degrees, they are statistically a
problex for long stays and can require substantial shielding, The ‘argest recorded
sola: event, in terms of dose (July 14, 1959), vesulted in a considerabla particle
flux a“ latitudes even as low as 30 degreesrbut essentially no flux at lower latitudes,
A spacecraft with 1 g/sz of aluminum ghieldinj, would have received a wegligibie dose
from this event at inclinations belnw 30 degrees, wheroas the dose would heve been
about 200 rad at inclinations a few degreeec higher at a 20U nautical mile altituda
(Reference 3). The maximum permigatble emergency dose for Apollo astronauts is :
presently 2et i 54 rad/year to the blood- forming organs and 233 rad/year to tie
skin, ;
The galactic radiacion c«vreates a free space dose of iess tha 10 rad/year behind

a rensonebly thin thield « £ medium atomic weight material., For ocrbiis bHelow 40 3

gy

degrees latitude this 12 reduted to less than 1 rad/year.

ya
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Becaus® of such consideravions as booster payload capabilities, lsunch sites
and tracking st.tion locations, the early manned satellites will operate considerably
below an altituc» of 1,000 miles =»=4 will probably have ar inclination of between 28
and 30 degrees g.ographic latitude, For the e conditions the only ignificant source
of radiation hazird are the protons of the inner Van Alien belt and the artificially
produced electrons from nuclear tests, The Van Alien beli proton radistion iz fairly
well known, but for future launch times there s the unresolved question of how fast
the artificially produced electron flux will decay and hence how great a hazard it
will be, Assuming a simple exponential decay one zould predict that there would be
almost no artificial electron flux by 1967, but satellite data show a definite
tendency for the decay to be more complex, and that the flux ground 1967 may not b:
very much lcss than it is in 1963 inside the magneti. anomaly which i{s located above
the South Atlantic off South America and whic)k contributes most of the integrated
flux encountered by o low altitude sateliite (Reference 4),

From the standpoint of reducing the radiation hazard it is desirable to place
manned ratellites in orbits which are at an altitude as low ars possible consistent
with the satellite decay period cr orbit-keeping requirements, since the radiation
fluxes decrease wita decreasing altitude below the inner Van Allen belt, Because
of desired iife times from 1 to 5 years and space station size the air dreg eficcls
become appreciable, As an example, consider a MOL having & total weight of 50,000
1b and a W/CDA of 15 lb/ftz. Figure 4 shows the increase 1n propellant requiremcuc
for urbit keeping as the maximum altitude decreases, ay well as the cignificant
savings in total fuel requirements as the frequen:y of reboostr s increased. The
necessary propellant will probably have to be delivaved to the MOL periodically by
means of a logistics or resupply spacecraft. Thus tle maximum - xrbital altitude is
not only governed by the radiatinn shielding requirements bui also by reouscly Volieic

performance,
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IV. MANNED ORBITAL LABORATORY DESICGN CONCEPTS L

A.  GENERAL CCNSIDERATIONS

As previourly noted thr Manned Orbital Laboratory is 2 space flight syrtem
designed to extend man's capability to live and work in the space enviror.ent for v
peiivds of & month oo = year or more. There aze theee classes of experiments which
the MCL is to accommodaie: Biomedical vesearch, engineering research and develop-
ment and space sciince resgearch,

The first class requires that the MOL be able to carry sufficient medical —
eguipment to determine and develop the technifques required t~ sustain man in the
spare environment for long periods without degrodatior cf health or performance.

The second and third classes require that the MOL be large and flexible enough
to be compatible with 2 wide var.ety of engineering and scientific research tasks
which can profit fiom van's presence as an experimenter, This wsl also include “he
requirement for extravehicular operations, rendezvous, docking, fuel and material
transfer, as well as space construction, repair and maintenance,

A survey of the requirements listed by various biomed.cal groups shows that the
weights estimated for the biomedical instrumentation are under 25C 1b, that in all
cases the total amount of power rrquired is less than 100 watts and that the volume
of the instrumentation required is sowmewhat le:s than 10 ftJ. This does not in-
clude unboard centrifuges or elaborate puycho -wotor testing eguipment, From these
rumhers one van conclude that the biomedical instrumentation required, with the
possible exception of a high speed human centrifuge, does not prov.ue a significaat
constraint on the MOL coniiguration, It must be stated, however, tnat & shirt sleeve
environment will be necessary, as well ae sufficient room teo perform the exercises

needed for continued health.
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A survey of the engineering and scientific experimental requ:rements shows
that the average power nzed for each test is less than 200 watts, the average volume
for the equioment legs than 6 cubic feet per cest, while the average equipment weight
per test is less than 160 pounds, These figures essentially show that early payloads
will Le small and thus the size of a MOL depends more on the launch vehicle size,
the schedvle requived to complete a given number of tests aud the resupply mode used
than on configurationil restreints impoused by individual experiments,

Por several years the major aerospace companies, NASA Centers and the Air Force
have been studying the feasibility of a wide range of space staticn concepts, Al-
though there are many srall differences in the proposed concepts a broad breaksown
into three basic categories is possible, These categories are the minimum, small
laboratory and large laboratory concepts,

The minirum concepts, i~ general, make maximum use of avail-ble hardware and
are considered because they require the shortes* development lead times and minimum
resources, One successful launch would provide an immeciate capability for two men
to spend on the order of 100 days in a zero gravity environmeni. Extenzions in stay
time and alteration of the concepty to provide similated gravity can be incorpor-
ated in a minimum concept plan,

The small laboratory concepts require development cf & separate module haviug
life supy /rt provision and room for appreciable experimentution, This module is
considered a relatively simpie development because, unlike the Mercury, Gemini or
Apollo spacecrafy, it does not require a capability for rendezvous or docking pro-
oulgion, de-orvit retro thrust, re-entry, landing and recovery., The small labora-

tery , launched by a Saturn I, Saturn IB or Titan LII booster provides livinz srea

tor from 4 to 6 men and would be designed for at least a l-yea- lifetime, Sufficient

weight margin may be available for providing grtificial gravity when needed, The
small lgboratory concepts are predicted on the use of separately launched crew fercy

and vesupply systems,
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The large laboratory comeerpts Liue:ily require a booster of the Saturin V class
and separately launched crew ferry and lozistics syscems. Such lsborat~.ies provide
an extensive capability for performing a wide ‘unge of exrccimentation in space.
These generally have a crew of from 17 to 24 men and, hecaure oi the major investment
. in equipment, probabiy would be designed for up to a S5-year liietime. Althoush the

large laboratory requices fairly sophisticated desipgp procedures, it does have the
fzature of providing zero gravity and artirf‘cial gravity conaitions simultaneous?’ by
means of a central non-rotating hub,

: The #:ilowing (s a review of the various concepts, Lighlighting their advantages

and Jfsadvantages and including a discussion of cperational and logistics requirements;
B, THE MINTMUM MOL

Of the several mini:wal concepts proposed the Extended Apollo is an example (Fig.5).

The Extended Apoiic =Zousiste of modified Command and Service Modules which would be

launched by a Saiuinn T3, The Serivce Module wovuld be rather extensively mod-fied

by off-lcading propellants and providing additional life support stores and s:iabili-

zation propellant for an extended stay-time capabiiity, Although the Service Module
. engine 18 considerably ilarger than would be requirzd to provide de-orbit retro thru=t,
it would be a proven and available engine and, therefore, would have a certain ad-
vantage over a newly developed tvetro package. This configuration can probably provide
a 100-day capabiiity for two men to Jive i{n the Commnand Mod.le., By launching add-
itional Apollos each 100 days and transferring the men, continuons stay capability can
be achieved.

The Apollo Command Module 15 limited in that it precvides only sbout 360 ft3 of

volume for its inhabitants. Varilous alternat.ves huve been proposed to overcome his

lack of voiume, such as modifying the Service Module so thar a portion could be inhabited
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or buildiné 80 L lxhitable module in the transition section between the S-IVB stauc
and tie Sorvic: Module (Pigure £,

Propcsals have been alsn advauced to leave the S-IVB stage attached, e:lLuequently ‘
deploriiy 1t 1Y means of telescoping tubes and/or cables, and ihus provide a rotational
capability for the ~vs~atinn of artificial gravity {Figure 6), This c<rufiguration not
only places the crew close to the ;otatisnal comfort zone but also nrovide. for good
rotational stability with a webblz angi. ¢f less than L degree,

Of course, either of these latter alrernatives would be such a major undertaking
that this could no longer be considered a minimum concept soicly designed for the
"2ero g iecision,”" The basic advantage of the Extended Ajollo minimal concept is {rs
simpiicity and relatively early availability, 5cﬁievéd aﬁ the expense of non-optimum

design,
C. THE SMALL MOL

The small MOL is characterized by a 4- to 6-man crew capability, It has the
attractive feature of consisting primarily of a simple inhabitable module which re-
quires no =msgemkly or deployment in orbit, In tuis corcept the use of already de-
veloped hardware is emphasized with the exception of the laboratory module and
possibly uome internal subsystems,

Figure 7 shows a typical zero gravity MOL vehicle, It is g cylinder of approxi-

mately 2,000 to «,000 cubic fzet in voluwe and has a& docking uub for attachment of

—
mannad ferries and resupnly spacecraft, Most concepts show two compartments, one
of which has especially heavy radiacvion shelter during periods of intensive radiati .n .
; | Y
1lvx increasee, ' i
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Like the minimal MOL, the small MOL is basical.y a zero gravity station, but
most concepts are conccived in such a way that they can adapt tv a regative outcome

of the "zero g decision.,"” 1In order to provide an arvificial gravity field for the
crew in the laboratory, the MOL and the expended upper stage of the launch vehicle
are rotated about their common center utilizing a connecting sysrom of cakies or
gsome form of vrigidized structure, As part of the planned biomedical expoerimentatior
or as a crew reconditioning device, the use of an internal or external centrifuge

is being considered in the design concepts,

Two lauach vehicles classes sre being considered for the small MOL systems., The
fir.t is the Saturn I-Titan III-Saturn IB class, wherein payloads could vary between
18,000 and 28,000 ~ounds, The second is the Atlas Agena-Titan 1I clas:, having pay-
loads from approximately 5,002 to 7,(30 pounds, The laboratory itself requires one
of the large vehicles fnr its launch bocster, The smaller vehivles may be needed for
ferry and resupply operations,

The MOL and tiie last bocster stage would be injected unmanned from Cape Canaveral
into a 160~ to 200-naurical mile circular esrth orbit with an inclination of somcwhat
less than 30 degrees, Trovisions would be contained fsr supporting the MOL and a
two~maa crew for sbout two weeks., Critical MOL systems, such as the life support and
power systems, would be aciivated by ground command and monitored by telemerry fur a
sufficient time to detcrmine proper operation prior to the initizl manning cperation,

Nepgardless of the method of MOL launch, fervy and resupply operations are re-
qu.red for any crtended duracion MOL mission, These operations are required to re-
place the crew, provide life support ard stabilization expendables, replace experiments
ard provide fuel or possibly propulsion units for orbit keeping or changing.

Crew replacement could be a:complished by a ferry spacecraft using launch,

€

engezvous, re-entry, landing procedures, operarions and landing sites currently
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planned and being developed for the Gemini program, The applicacion of an Apollo-
Saturn ferry vehicle is also being considered which has the addicional capavility
of carrying supplies with the crew. The chcice between Gemini and Anollo ferries
and their respective boosters is presently unresolved and will depend on the opera-

tional cequiremencs for crew replacement and resupply,

In the case of a Gemini-Titan II ferry coucept, there is littie payload margin
for logistics cargs; the latter could be deliverea by a separate resupply spaceiraft
of the Atlas~Agena D class, This logistics spacecraft weuld be equipped with control
and nropulsion systems for maneuvering and docking which &ve contrciied remotely,
probably by the MOL crew, The first resupply spaczcraft would be launched any time
within the firs®two weeks after the first two-man crew has boarded the MOL, It could
carry about a 90-day supply cargo, thus necessitating a logistics launch every three
months, To be fully eifective, the craft with its launch vehicle must be capable of
providing consumables to the MCL on a reliable schedule; in addition it must be able
to accept some degree of cmergency demand,

The requirements or the ferry vehicle are that it must have » round trip capa-
bility and always be rzady at the MOL for emergency evacuation. The frequency of
ferry flights is quite dependent on t*e siation experimental requirements, As noted
before, the problem of determining the effect of woightlessness on man’s ability to
withstand re-entr}biérces reauiree that the astrorauts be exposed t-. re- cii.ry de-
celerations after cver-~increasing periods of weipghtlessness. In order to lay the
ground work for future planet.ry fliguts, man's reactiop up to a one-year exposure
to weightiessness must be explored, Thig part of the biomedica! esxperiment can he

performed by means of a carefully planned crew rotation schedule, which may be the

key feature in the ferry reguircmencs,
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Por tl. purpcse »f illustration, Fizure ¥ presen ¢ & possible crew rotatioe
schedule, The plan is based cn g four-wan station wirl a one-verr mission deration
ané five crew traasportation launchings, After the MOL liss been placed in orbhit and
its compuneats adequately checxed out, the first ferry v.hicle ti.nsporis iLwo awen to
the laberatory, Thirty days later the secoud ferry vehicle is brought up, znd “f all
has pvroven well tor the #irsi tue men tle saunnd will remair to commicie the crew.
Thirty days laser, the third ferry venicle wirh tuvs gstronaurs would srrive and re-
tern carrying one of the fiist crew members vho has been esposed tu weightlecsness
for si1zty dayr. Lue of the astionauts on the tnird vehicle would teture with it as
the pilot for safety sipsec it g possible tae first aatrenauwi’s exposure to welght-
lesan<es aight have csuszed him to lose hisx ability to rcpera*e under high arcelerations,

1: the recurn .rip and grovud medical egamination of the firet astrceaut have
groven hinm o be in good condition the nrogram continues as showm on the chart, During
all of this one of the first astronauts has been kept in specs the complet: vime, aund
he would provide the tetsl 360-day experience, Note chat ir this scheme six ather men
would have bzen tested at times raaging from 62 to 30 days in crdit,

It should be priated cut, however, that sithough this crew rvotation scledule
permits the MOL with = one-year lifeifime to gather a one year's accumulsted welght-
lessnegs experience it is inherently risky, Suppose “hat the man returning on the
fourth ferry who has beer in space for 100 davs experiences severe ditficulties on
reentry: then it is almost ceriain that the orieinal subject -ntended “or the one-
year stay rhouid be even in a worse condition, since at rhat time he would have
accumulated 130 days i veigntlessrness, This uilemma car be avoided by a more con-
scrvarive crew rotation schedule where the stay time deta fu bullt up on a jrogresaive

vasis, This, of course, vequires MOL lifetimes of the order of two years and g
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greater number cf ferry launchings to eventually acccemplisih the one-vear stay time
experiment, This discussion points to the fact that a aralyeis of all
operational implicaticne a2nd a4 iporcugh examination of the use of a s-nrrifuges as

an alterrate method is necessary,
D, TH: 1L.ARGE MOL —

The large MOL is characterized by a crew rarging from 12 to 24 men and a require-
went to be launched by a Saturn V booster, The size ranges from 15C to 200 feet in
diameter, and internal volume is on the crder of 50,000 ft3, Some typical a,proaches
which have baern studied to date, although in ne way ati-inclusive, are <acwn in
Figzure 3. For compariscon puzposes s swmall MWOL is also shown in c¢hisz illustration,
16e larse statioe studies have ranged from irflatable toroidal concepts tec huge
stations assexbled in orbit., The hexagonal configuratior shown is a station composed
of rigid elements, It would be carried to orbit as a compect vnit and deployed
automatically, _

The wmajor feature of most large MOL concepis is that they provid: for contiruous
ép

rotatior, thus creating an ortificial gravity field, WNon-rotating central hubs can

.

be utilized as zero gravity laboratories, Radial spokes would be/;feas of varying
gravity [iclds as one proceeds toward oxr away from the rim ¢. the station,

The size of the station, the large crew and the varying gravity fields would
allow the large MOL tc fuuction as a versarile space laboratery, and ic could be
adaptable ic operaticaal gsowth into an elaborate orbital launch facility.‘ These
features, of couxse, are acquired at greater expense in development costs and time
and in operzcional! cogts,

Oue of the large rotating MOL configuration designs, which at the present tiwme

is teing studied in gveater detail, is the three-radial module type (Figure 1{),
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It is comprised of a hangar-type hud area and three radially-Jepliouysd =dulez, The

diamster of this station would be approxirat.ly .50 tt, and 7t would ro:zte abvoo~ it
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axis of cymmetry at 3 o & rpw, The statioun wou'd geonsrally B: orienten to ocin
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13 ¢r rotat.on in the direction »f the sun so as to best util. ze tho sclar-ur1i pewer
nlar: depioyes cutboard of each radial module.

The hub o5f the station would contain an envirvoumentally conirolled area for service

aid checkout of logistics spacecraft, »nd a zero gravity laboratory weuld be lecated
in a circular area below the hangar, The zero gravity laboratory wovid not be ro-
tated but would be mcunted on bearings to allow for thc relative moti&h between it
and the ra:t of the station (Figure 11).

Duriuit aunch the radial wmodules would be folded down sc that the exis of tieir
cylindricsl aress would be parallel to the axis of the hub, The sequence ¢f lauich
operations is shown in Figure 12, The space vehicle is launched with vhe space
stafion unmanned and with a crew of six in a modified Apolio logistics spacecraft
atop the spac® -tationm,

After injection into orbit, deploywent of the radial modules is initiatex, On
compleiion of deployment, the ferry spacecraft 1s separated, performs a turn-avouzd
meneuver and docks with the station, The f2rry is then towed into the hangar area,
and :he crew transfers into the space station tc activate the cnboard systems, In
this conrepy no extravehicular operations are required, Once the systems-gre
accivaied the stetion is then gpun up to the required angular velocity,

In geuneral the large MOL and amall MOL requirements for ferry and resupply systems
differ onl; quantitatively if :rew veplacement is not strictly iictated by the bio-
medical experiment, Certain aspects of the efficiency of usgge »f the payload

capacity of large launch vehicles or tradecffr between payload and rendezveous ability,

- am




when cuopled with the associated raduction ir launch cost per pound of payload, make
a large rorvy en attractive concept,

The dzvelopment of 2 weéupyiy wehicle or a comvined resupply fervy using Saturn
{ launch capanility =i}l reduca the total number of launches aecens vy foar largs MOL
support. o pessible modification of the Apolle spacecraft to car:y 4 to & men might
ippear a¢ is snown in Figare 13, Effective suppert for differing MOL crew sizes
ard replacenent schelule reguiremenis can be satisfied by the avaiiability of such
A E-man carvier. Full viilization aail cost econumies realizabie with aven larger
gunch vehicles (such ae 3Saturn IB) can be expected to generate desigrs for even-i
‘arger ferry vehicles such as a 12-man ballistic re-3matyy terry logistics vehicle
or & 12-man lifting bedy wehicle,

After sufficient krowl~dge cf the requiremente iwposed dy MIL design snc
_peraticnal characteristics is estsklished, optimization of the design of both these
large vaczupply ferry vehicles will take place, Eventually, with special attention

paid to ilexibility and reusabiiicy, a choice will be made {dentifyirg the particular

configuration and size to best provide economic support for the large MGL,

-

V. CONCLUSYOW

It can bte seen from the foregoing discussions that the Manned Orpitsgl Lghoratory
could be che logical forerunner of many manned cperationai systems. Siace it would
be a very costly undertaking, one should drive toward consolidating the varied interests
of the various federal agencies having a potential operational mission in gpace in
plaoning for a single multi-purpose Manuned Orbital Laboratory,

The NASA and the DOD are now conducting advanced exploaratory studies of a MOL,

both in<house and by contract with industry. As planning progtesses each agency will

BRI

Y



-y

- e

T

.o - - i N ! 1

XXy -

appraise objectives, concepts, related programs, resonrces and i :ture cuurses of
action deemed desiraole in the national irterest., At thz eppropriste time, coordi-
nated DOD-NASa recommendations ¢onterning the implemencation of the ;rog:rm will be
submitted to the Administration for aporoval ard decisiors on the manszgement approach,

The fundemental question which faces a'l at the present time is that cof the pur-
pose of a space statiocn. Once a clear urderstanding of the purpose is reached ard
basic feasibility of the ideas established, g more :horoughkglaluanion of tne cdestign
coucepts can be undertaken which would lesd to & preliminary derign and eventually
program execution,

The NASA has a multi-ficei study orogrem under way to supply the information
necessary tc determine bow vemeficlal a Manmed Orbital Laboratory . rogram is to this
naiion and itz formulate a proper techn. gl apsrcach once such a program appears de-
siranie, The NASA has gtudies under wa, in threz najor arcas:

A, Miesion Definition.
8. MOL Conifigurations,
C. logistics and Operations,

The mission definition st lies are being carried out to establish the experlments
to be performed onbeoard MOL., To that end NASA l.ad solicited recommendations for
applirstions from numerous scientific engineering ar ! military scurces and is prezueatly

.
evgluating those suggested uses through verious paaels of experts, 8ince it appears
that the biomedical experiments leading toward the 'zero g cecisior" will comprise the
prinary use of an early MOL, particular attention is being devsied to this area f
gtudies, These stud es as wall as those in the engineering and scientific fields are
to lead 7o a definition ~f the experimental requirements in terrs of squipmeat, ope:-
ations, crew capabilitires, logistice and laboratory size measured against relative
returns, ﬁith au eyz to the future, studies of orhital launch operations are alsc

=
being undercake.,




XXy -35-

Following in closge crordination with the mission definition activities are
studres of various MOL configuration concepts, Under investigation ave minimum,
small and large MOL copcepts, Various corncepts are being compared for their effect-
ivenes; co cope with the demands posed by the applications, design conetraints, costs
and schedules, From the great multitude of possible coufiguration concepis a smaller
number will be selectqg, and eventuaily one approach will be chosen for more ‘etailed
investigation, These coniiuraotiou astudies are supported by studies of electric power
requirements, l:fe support systems, dynemics and control sysiems and many more support-
ing research stulies at the NASA research centers and industrial laboratnries.

In parallel with the MOL configuration investigations, feasibility studies of
vacious ferry vehicles are being undertaken, This includes modified Gemini and Apollo
ferries as well as conceptual studies of large ballistic and lifting body spacecraft,
although it is quite clear #iresdy that the early MOL can use only wodified existing
gpacecraft, Tying together all of the large staticn logistics demands is a separate
study of MOL operations and logistics,

The results of all these studies are being thoroughly analyzed at NASA Head-
quarters with the purpose of seleccting tha: MOL concept which satisfies the various
demands of cast, sche&éle, technical usefuluess, reliability and safety and preparing
a sound development plan for the program. Since the Manned Orbital Laboratory is such
a basic research tool for any future manned space operations, there is no question

that, eventually, it will become a realitv., The question is when and in what form,
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